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(57)Abstract 

PROBLEM TO BE SOLVED: To suppress the characteristic z 
variation of an element by partially exposing the surface of a 
semiconductor substrate and filling up openings, by selectively 
growing epitaxial layers by using the partial surfaces of the 
substrate exposed in the openings as growing crystals, and then, 
removing a semiconductor layer from the surfaces of epitaxial layers 
except the openings. 

SOLUTION: On the surface of a single-crystal semiconductor 
substrate 1, a thermally oxidized film 2 is formed as an element 
separating insulating film. Then openings are opened through the 
film 2 by selectively removing the film 2 from the portions 
corresponding to element forming areas by using photo- etching and fQ£ 
anisotropic etching. Thereafter, the openings are filled up by 
selectively growing epitaxial layers 3 on the silicon substrate 1 by 
using the partial surfaces of the substrate 1 exposed in the 
openings as growing crystals. In addition, a semiconductor layer 
formed on the surfaces of the epitaxial layers 3 is removed except 
the openings by etching the surfaces of the epitaxial layers 3 left in 
the element forming areas. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The manufacture approach of 
the semiconductor device characterized 
by to have the process which forms the 
semi conductor layer of the thickness 
which is filled up with said opening with 
the process which forms an insulator 
layer on a semi conductor substrate, the 
process at which opening is formed in 
said insulator layer and a part of front 
face of said semi conductor substrate 
exposes, and the epitaxial growth which 
used this exposed part for the growth 
nucleus, and disturbs on said insulator 
layer, and the process which remove said 
semi conductor layer of said opening 
outside. 

[Claim 2] The process which forms a 
single crystal insulator layer on a 
semi-conductor substrate, and the 
process which forms a non-single crystal 
insulator layer on said single crystal 



insulator layer, With the process at which 
opening is formed in said non-single 
crystal insulator layer, and a part of front 
face of said single crystal insulator layer 
is exposed, and the epitaxial growth 
which used this exposed part for the 
growth nucleus The manufacture 
approach of the semiconductor device 
characterized by having the process 
which forms the semi-conductor layer of 
the thickness which is filled up with said 
opening and disturbs on said non- single 
crystal insulator layer, and the process 
which removes said semi conductor layer 
of said opening outside. 
[Claim 3] The manufacture approach of 
the semiconductor device according to 
claim 1 or 2 characterized by having 
further the process which makes the top 
face of said semi-conductor layer of said 
opening circles lower than the effective 
area of said opening. 

[Claim 4] The manufacture approach of 
the semiconductor device according to 
claim 3 characterized by making the top 
face of said semi-conductor layer in said 
opening lower than the effective area of 
said opening by etching alternatively said 
semi-conductor layer in said opening, or 
oxidizing the upper part of said 
semi-conductor layer in said opening, and 
removing this part that oxidized 
alternatively. 

[Claim 5] The manufacture approach of 
the semiconductor device according to 
claim 3 characterized by having further 



2 



JP2001-015591 



the process which heats said 
semi conductor layer in an inert gas 
ambient atmosphere after the process 
which makes the front face of said 
semi conductor layer of said opening 
circles lower than the effective area of 
said opening. 

[Claim 6] Claim 1 characterized by 
removing said semi-conductor layer of 
said opening outside by chemical 
mechanical polish or mechanical polish, 
the manufacture approach of a 
semiconductor device according to claim 2 
or 3. 

[Claim 7] Claim 1 characterized by 
removing said semi-conductor film in the 
case of the process which forms the 
semi-conductor film on the whole surface 
after the process which forms said 
semi-conductor layer, and removes said 
semi-conductor layer of said opening 
outside, the manufacture approach of a 
semiconductor device according to claim 2 
or 3. 

[Claim 8] Said insulator layer is the 
manufacture approach of claim 1 which is 
the cascade screen of silicon oxide and the 
silicon nitride formed on this silicon film, 
and is characterized by forming a silicon 
layer as said semi conductor layer after 
forming a silicon nitride in the side 
attachment wall of said opening, and a 
semiconductor device according to claim 2 
or 3. 

[Claim 9] The manufacture approach of 
the semiconductor device characterized 



by to have the process which forms an 
insulator layer on a semi-conductor 
substrate, the process at which opening 
forms in said insulator layer and a part of 
front face of said semi-conductor 
substrate exposes, the process which 
form in said opening circles the 
semi conductor layer of the thickness 
which does not reach the effective area of 
said opening with the epitaxial growth 
which used this exposed part for the 
growth nucleus, and the process which 
heat said semi-conductor layer in an 
inert-gas ambient atmosphere. 
[Claim 10] Said inert gas ambient 
atmosphere is the manufacture approach 
of a semiconductor device given in any 1 
term of claim 1 characterized by being an 
ambient atmosphere containing hydrogen, 
claim 2, and claim 9. 

[Claim 11] The isolation insulator layer 
which it was embedded in the 
semiconductor region of a substrate, and 
the upper part projected above the front 
face of said semiconductor region, The 
semi-conductor layer of said 
semiconductor region detached by the 
isolation insulator layer by the 
component, The semiconductor device 
with which it comes to provide the MOS 
mold component formed in this 
semi-conductor layer, and the top -face 
location of said isolation insulator layer 
to said substrate is characterized by the 
thickness of the gate dielectric film of 
said MOS mold component being higher 
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than the top-face location of said 
semi-conductor layer to said substrate 3 
or more times. 

[Claim 12] The semiconductor device 
which comes to provide the MOS mold 
component formed in the semi-conductor 
layer and this semi-conductor layer of 
said semiconductor region detached by 
the isolation insulator layer which it was 
embedded in the semiconductor region of 
a substrate, and the upper part projected 
above the front face of said semiconductor 
region, and the isolation insulator layer 
by the component, and is characterized 
by for the top -face location of said 
semi-conductor layer to said substrate to 
be higher than the top-face location of 
said isolation insulator layer to said 
substrate lOnm or more. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relates to the semiconductor device which 
has the description in the manufacture 
approach of a semiconductor device and 
component isolation construction which 
have the description in an isolation 
process. 
[0002] 

[Description of the Prior Art] In recent 



years, many transistors, resistance, etc. 
are connected to the important parts of a 
computer or communication equipment 
so that an electrical circuit may be 
attained, and the large-scale integrated 
circuit (LSI) integrated and formed on 1 
chip is used abundantly. For this reason, 
the engine performance of the whole 
device is connected as greatly as the 
engine performance of an LSI simple 
substance. The improvement in the 
engine performance of an LSI simple 
substance is realizable raising a degree of 
integration, i.e., detailed-izing of a 
component. 

[0003] If detailed-ization of a component 
is the case of an MOS transistor, it is 
realizable with gate lengths shortening 
and the lamination of a source drain 
diffusion layer. 

[0004] As an approach of forming a 
shallow source drain diffusion layer, low 
acceleration ion-implantation is used 
widely. A shallow source drain diffusion 
layer 0.1 micrometers or less can be 
formed by this approach. 
[0005] However, since the source drain 
diffusion layer formed with low 
acceleration ion-implantation in this way 
becomes the high value [ sheet 
resistance ] more than lOOohms / **, the 
way things stand, the high acceleration 
by detailed-izing is not expectable. 
[0006] So, in the device of which rapidity 
is required like Logic LSI, the Salicide 
technique of forming the silicide film in 



4 



JP2001-015591 



the front face of a source drain diffusion 
layer and a gate electrode (polycrystalline 
silicon film with which the impurity was 
doped) in self align is used. 
[0007] When forming the MOS transistor 
(thing using the polycrystalline silicon 
film with which it is the MOS transistor 
of the n channel formed in the same 
substrate, and a p channel, and n mold 
impurity was doped as a gate electrode of 
an n channel MOS transistor, and the 
polycrystalline silicon film with which p 
mold impurity was doped as a gate 
electrode of a p channel MOS transistor) 
of the dual gate, the Salicide technique 
not only attains resistance -ization of a 
gate electrode, but can attain 
reduction-ization of a routing counter. 
[0008] The reason is that it sets like ion 
grouting for forming a source drain 
diffusion layer, and can dope the impurity 
of a predetermined conductivity type to a 
gate electrode (polycrystalline silicon 
film). 

[0009] On the other hand, since it sets 
like ion grouting for forming a source 
drain diffusion layer and the mask of the 
polycrystalline silicon film is carried out 
by the metal silicide film when forming 
the MOS transistor of the dual gate using 
a polycide gate electrode (gate electrode 
which carried out the laminating of the 
metal silicide film, such as W silicide film, 
on the polycrystalline silicon film with 
which the impurity was doped), the 
impurity of a predetermined conductivity 



type cannot be doped on the 
polycrystalline silicon film. 
[0010] Therefore, it is necessary to dope 
the impurity of a predetermined 
conductivity type beforehand on the 
polycrystalline silicon film before 
formation of a source drain diffusion layer. 
That is, it becomes as separate a process 
like ion grouting for forming a source 
drain diffusion layer as ion grouting for 
doping the impurity of a predetermined 
conductivity type on the polycrystalline 
silicon film, and a routing counter 
increases. 

[0011] Specifically, a photolithography 
process increases [ a resist removal 
process ] like ion grouting from the case 
of the Salicide technique twice, 
respectively. 

[0012] It is indispensable that, carrying 
out accumulation formation of the 
component like the memory LSI, such as 
DRAM, on the other hand at high density 
adopts SAC (Self- Aligned Contact) 
structure in the device demanded. 
[0013] The interlayer insulation film on 
one source drain diffusion layer (direction 
usually used as the source) is etched into 
the process which forms SAC structure 
by the RIE method, and there is a process 
which forms the contact hole to the 
above-mentioned source drain diffusion 
layer among them. 

[0014] Even if it doubles with a contact 
hole and a gap occurs at this time, it is 
necessary to make it not exposed [ the 
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front face of a gate electrode 
(polycrystalline silicon film) ]. Therefore, 
the silicon nitride is beforehand formed 
as etching stopper film on the gate 
electrode. 

[0015] If there is such a silicon nitride, it 
sets like ion grouting at the time of 
forming a source drain diffusion layer, 
and an impurity is no longer poured into 
a gate electrode. Therefore, the Salicide 
technique used by Logic LSI cannot be 
used for Memory LSI. 
[0016] By the way, by Memory LSI, the 
gate electrode (polycrystal silicon-gate 
electrode) which consists of 
polycrystalline silicon film with which the 
impurity was doped is widely used from 
the former, and the polycide gate 
electrode is also used from the need for 
the reduction in resistance. 
[0017] When the gate electrode of further 
low resistance is required, the poly metal 
gate electrode which comes to carry out 
the laminating of the metal membranes, 
such as polycrystalline silicon film with 
which the impurity was doped, barrier 
metal film, and W film, one by one is used. 
The poly metal gate electrode can realize 
desired sheet resistance by thinner 
thickness from resistance being low 
rather than a polycide gate electrode. 
[0018] However, there are the following 
problems in the poly metal gate electrode. 
The dual gate structure mentioned above 
is used by Logic LSI. Therefore, like the 
case of a polycide gate electrode, if the 



poly metal gate electrode is used by Logic 
LSI, it will be necessary to perform the 
process which carries out the ion 
implantation of the impurity to the 
polycrystalline silicon film of the poly 
metal gate electrode, and the process 
which carries out the ion implantation of 
the impurity to a silicon substrate in 
order to form a source drain diffusion 
layer at a respectively separate process. 
Therefore, a routing counter increases 
and a production cost goes up. 
[0019] By the way, in LSI which made the 
logic IC and DRAM load together, if the 
silicide film is formed in the front face of 
the source drain diffusion layer of DRAM, 
the pn junction leakage current of a 
memory cell will become large, and the 
maintenance property of data will worsen. 
Moreover, in DRAM, since SAC structure 
is required as mentioned above, W 
polycide electrode is used. 
[0020] On the other hand, in a logic IC, in 
order to pass the current of many in a low 
battery as possible, it is necessary to 
make low the threshold electrical 
potential difference of an MOS transistor, 
for that purpose the polycrystalline 
silicon film of the gate electrode of an n 
channel MOS transistor - n mold 
impurities, such as P and As, - doping - 
n- a mold - carrying out - it of a p 
channel MOS transistor - BF2 etc. - p 
mold impurity - doping - P+ It is 
necessary to consider as a mold. 
[0021] As for highperformanceizing of a 
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transistor, it is inadequate just to form 
the source drain gate into low resistance, 
and it is also very important to make 
property dispersion of a transistor small. 
There is dispersion in a threshold 
electrical potential difference as one of 
the big causes of property dispersion. 
[0022] If the threshold electrical potential 
difference of an MOS transistor is 
measured to the processing dimension 
(gate length) of the gate, the big fall of a 
threshold electrical potential difference 
will take place in a short channel field. 
F or example, 
high-impurityconcentration-5xl017cm-3 
of substrate 
high-impurity-concentration:5xl017cm-3, 
gate oxidation thickness'4.0nm, 
gate -width (w)'10micrometer, and a 
source drain diffusion layer, the junction 
depth of a source drain diffusion layer 
(xj): When the channel length 
dependency of a threshold electrical 
potential difference was investigated and 
channel length was set to 0.2 
micrometers or less about the 
0.15-micrometer n channel MOS 
transistor, it turned out that a threshold 
electrical potential difference falls rapidly 
[0023] Since the conductance of a channel 
is so high that gate length is short, I want 
to adopt an MOS transistor with more 
short gate length in an LSI circuit. 
However, since 50mV or more of 
threshold electrical potential differences 
changes only by 1015nm of gate length 



changing, if such gate length's short MOS 
transistor is adopted, dispersion in a 
threshold electrical potential difference 
will become easy to happen under the 
effect of dispersion in a processing 
dimension, dispersion of the thickness of 
gate oxide, dispersion of the impurity 
atom concentration profile of a source 
drain diffusion layer, etc. This becomes 
the big cause of a yield fall of LSI. 
[0024] The configuration of the isolation 
insulator layer in a component field edge 
influences the degree of dispersion in a 
processing dimension greatly at 
dispersion in a threshold electrical 
potential difference. Generally STI 
(Shallow Trench Isolation) that 
separation between components performs 
isolation by depositing an oxide film all 
over a substrate in a high integrated 
circuit about 0.3 micrometers or less 
using a CVD method so that **** and it 
may be embedded for a trench (isolation 
slot) to a depth of 0.2-0.3 micrometers at 
a silicon substrate, and removing an 
oxide film [ surplus / besides a trench ] by 
chemical mechanical polish 

(CMP:Chemical Mechanical Polishing) is 
used. 

[0025] CVD-Si02 of the former, TEOS / 
ozone system As the pad by the film is 
performed, it gets down and it is shown in 
drawin g 24 (a), when the aspect ratio of 
the trench (isolation slot) formed in the 
silicon substrate 91 is one to about 1.5, it 
is possible to embed a trench with an 
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oxide film 92, without causing a void. 
[0026] However, if the aspect ratio of a 
trench becomes high rather than 1.5 with 
detailedizing of a component, it becomes 
difficult to embed the inside of a trench 
with an oxide film without a clearance, 
and as shown in drawing 24 (b), a void 
(**) 93 will arise in the center section of 
the oxide film 92, and it will become an 
imperfect pad configuration. 
[0027] If a void 93 arises, since moisture 
tends to be absorbed by the clearance, 
hygroscopicity will become high, and a 
component property will deteriorate. 
Furthermore, since there is dispersion in 
the degree of how to be able to do a void 
93 or moisture absorption, a void 93 
becomes the cause which causes 
dispersion in a component property. 
[0028] In order to solve this, the 
embedding which used the HDP plasma 
TEOS is proposed. However, if an aspect 
ratio exceeds 2-2.5, the pad of an oxide 
film will become imperfect and the void 
93 as shown in drawing 24 (b) also in this 
case will arise. 

[0029] Substrate bias is impressed, if an 
oxide film 92 is formed etching the 
deposited oxide film, the lump 
configuration of an oxide film 92 will 
become good, but as shown in drawing 25 , 
a crystal defect 94 arises on the substrate 
front face of a trench pars basilaris ossis 
occipitalis, and a component property 
deteriorates. Furthermore, since there is 
dispersion in extent of a crystal defect 94, 



a crystal defect 94 becomes the cause 
which causes dispersion in a component 
property. 

[0030] Moreover, in the case of STI 
explained by drawing 24 and drawing 25 , 
since the etch rate of an oxide film 
(deposition insulator layer) 92 is quick, 
DIVOTTO 95 as shown in the edge of the 
trench upper part at drawin g 26 arises in 
the wet etching processing by rare fluoric 
acid or diluted ammonium fluoride of the 
multiple times in the production process 
of LSI etc. 

[0031] In this case, a gate electrode eats 
into DIVOTTO 95 and a transistor with a 
seemingly low threshold electrical 
potential difference (corner transistor) is 
formed here. Since the depth and the 
configuration of DIVOTTO 95 have a 
pattern dependency, the threshold 
electrical potential difference of a corner 
transistor becomes the cause of causing 
large dispersion and large dispersion of 
the threshold electrical potential 
difference of the MOS transistor of 
original [ this ], with gate width. 
Furthermore, if a corner transistor exists, 
as shown in dewing 27 , a hump will 
arise, and a component property will 
deteriorate. Moreover, since the depth 
and the configuration of DIVOTTO 95 are 
uneven in a wafer side, they enlarge 
dispersion in a component property 
further. 

[0032] Although the approach of inserting 
the thermal oxidation film 96 into the 
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interface of a component field and a 
component isolation region is performed 
as shown in drawing 28 in order to solve 
such a problem, when the thermal 
oxidation film 96 is made to intervene, 
extent becomes light, but since the etch 
rate of an oxide film 92 is large, as shown 
in drawing 28 , retreat of oxide films 92 
and 96 takes place in the trench upper 
part, and dispersion in a threshold 
electrical potential difference becomes a 
problem. 

[0033] Moreover, as shown in drawing 29 , 
an oxide film 92 is previously formed on a 
silicon substrate 91, then etching 
removes the oxide film 92 of the field 
corresponding to a component field, and 
the approach to which a component field 
is made to carry out selective growth of 
the silicon layer 97 is proposed with the 
epitaxial growth which used for the 
growth nucleus the substrate front face 
(Si) which appeared by etching next. 
However, by this approach, a facet 98 
(slanting crystal face) is formed, a gate 
electrode eats into the part of a facet 98, 
and the same problem as the case of 
structure with DIVOTTO 95 shown in 
drawing 26 arises. 
[0034] 

[Problem(s) to be Solved by the 
Invention] Although isolation called STI 
was performed with the high integrated 
circuit like ****, when the aspect ratio of 
a trench (isolation slot) became high with 
detailed-izing of a component, it became 



difficult to form the insulator layer of a 
good pad configuration in a trench, and 
there was a problem that a component 
property varied as the result 
[0035] This invention was made in 
consideration of the above-mentioned 
situation, and the place made into the 
purpose is to offer the manufacture 
approach of the semiconductor device 
whose isolation by STI which can control 
dispersion in a component property 
becomes possible. Moreover, other 
purposes of this invention are to offer the 
semiconductor device which has the MOS 
mold component by which dispersion in a 
component property was controlled. 
[0036] 

[Means for Solving the Problem] 
[Elements of the Invention] - the 
manufacture approach of the 
semiconductor device concerning this 
invention (claim l), in order to attain the 
account purpose of a top With the process 
which forms an insulator layer on a 
semi-conductor substrate, the process at 
which opening is formed in said insulator 
layer and a part of front face of said 
semi-conductor substrate is exposed, and 
the epitaxial growth which used this 
exposed part for the growth nucleus It 
has the process which forms the 
semi-conductor layer of the thickness 
which is filled up with said opening and 
disturbs on said insulator layer, and the 
process which removes said 
semi-conductor layer of said opening 
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outside. 

[0037] Moreover, the manufacture 
approach of other semiconductor devices 
concerning this invention (claim 2) The 
process which forms a single crystal 
insulator layer on a semi-conductor , 
substrate, and the process which forms a 
non-single crystal insulator layer on said 
single crystal insulator layer, With the 
process at which opening is formed in. 
said non- single crystal insulator layer, 
and a part of front face of said single 
crystal insulator layer is exposed, and the 
epitaxial growth which used this exposed 
part for the growth nucleus It has the 
process which forms the semi-conductor 
layer of the thickness which is filled up 
with said opening and disturbs on said 
non- single crystal insulator layer, and the 
process which removes said 
semi-conductor layer of said opening 
outside. 

[0038] Moreover, the manufacture 
approach of other semiconductor devices 
concerning this invention (claim 9) With 
the process which forms an insulator 
layer on a semi-conductor substrate, the 
process at which opening is formed in 
said insulator layer and a part of front 
face of said semi-conductor substrate is 
exposed, and the epitaxial growth which 
used this exposed part for the growth 
nucleus It has the process which forms in 
said opening circles the semi-conductor 
layer of the thickness which does not 
reach the effective area of said opening, 



and the process which heats said 
semi-conductor layer in an inert gas 
ambient atmosphere. 
[0039] Moreover, the semiconductor 
device concerning this invention (claim 
11) The isolation insulator layer which it 
was embedded in the semiconductor 
region of a substrate, and the upper part 
projected above the front face of said 
semiconductor region, It has the 
semi-conductor layer detached by the 
isolation insulator layer by. the 
component, and the MOS mold 
component formed in this semi-conductor 
layer. The thickness of the gate dielectric 
film of said MOS mold component has the 
top-face location of said isolation 
insulator layer to said substrate higher 
, than the top-face location of said 
semi conductor layer to said substrate 3 
or more times. 

[0040] Moreover, other semiconductor 
devices concerning this invention (claim 
12) The isolation insulator layer which it 
was embedded in the semiconductor 
region of a substrate, and the upper part 
projected above the front face of said 
semiconductor region, It has the 
semi-conductor layer detached by the 
isolation insulator layer by the 
component, and the MOS mold 
component formed in this semi conductor 
layer, and the top-face location of said 
semi-conductor layer to said substrate is 
higher than the top-face location of said 
isolation insulator layer to said substrate 
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lOnm or more. 

[0041] Since according to the 
manufacture approach of the 
semiconductor device concerning 
[operation] this invention (claims 1 and 2) 
epitaxial growth was carried out and it is 
filled up with opening by the 
semi-conductor layer, generating of a void 
leading to dispersion can be prevented. 
Since the above-mentioned 

semi-conductor layer is furthermore 
formed on the insulator layer of an 
opening outside so that it may disturb, 
the facet leading to dispersion in a 
component property does not arise. 
Therefore, the isolation by STI which can 
control dispersion in a component 
property becomes possible. 
[0042] Moreover, since it is filled up with 
opening by the semi-conductor layer 
which carried out epitaxial growth 
according to the manufacture approach of 
the semiconductor device concerning this 
invention (claim 9), generating of a void 
leading to dispersion can be prevented. 
Here, although a facet is produced since 
the above-mentioned semi-conductor 
layer is formed so that the top face may 
become lower than the effective area of 
opening, the facet which the front face of 
a semi conductor layer becomes flat, and 
causes dispersion in a component 
property by subsequent heat-treatment 
disappears. Therefore, the isolation by 
STI which can control dispersion in a 
component property becomes possible. 



[0043] Moreover, if the difference of the 
top face location of an isolation insulator 
layer and the top-face location of a 
semi-conductor layer (semi-conductor 
layer of a component field) in which the 
MOS mold component was formed is 
specified like the semiconductor device 
concerning this invention, dispersion in a 
component property, especially a 
threshold electrical potential difference 
can be effectively controlled so that it 
may explain in full detail by the term of 
the gestalt of operation. 
[0044] 

[Embodiment of the Invention] Hereafter, 
the gestalt (henceforth an operation 
gestalt) of operation of this invention is 
explained, referring to a drawing. 
[0045] (1st operation gestalt) Drawing 1 
and drawing 2 are the process sectional 
views showing the formation approach of 
the component isolation construction 
concerning the 1st operation gestalt of 
this invention. 

[0046] First, as shown in drawing 1 (a), 
the thermal oxidation film 2 as an 
isolation insulator layer is formed on the 
silicon substrate 1 of a single crystal. As 
for the thermal oxidation for forming the 
thermal oxidation film 2, an ambient 
atmosphere 900 degrees C or more and 
the thermal oxidation film 2 with a 
consistency it is usually carried out in a 
steam / oxygen ambient atmosphere, and 
high by this and the slow etch rate to 
fluoric acid or ammonium fluoride are 
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obtained. The oxide film 2 with a more 
slow etch rate is obtained by oxidizing 
thermally under the high-pressure 
oxidizing atmosphere of ten or more 
atmospheric pressures. 
[0047] Next, as shown in drawing 1 (b), 
using a photolithography and anisotropic 
etching, the thermal oxidation film 2 of 
the part corresponding to a component 
formation field is removed alternatively, 
and opening of the opening is carried out 
to the thermal oxidation film 2. 
[0048] Here, reactive ion etching 
(RIE:Reactive Ion Etching) is used for 
anisotropic etching at exposure of a 
photoresist using KrF or an ArF excimer 
laser. 

[0049] Next, the fluoric acid or 
ammonium fluoride which oxidized and 
diluted the contamination layer which 
consists of carbon and the fluorine on the 
front face of a substrate at the base of 
opening removes the natural oxidation 
film on the front face of a substrate at the 
base of opening. Then, heat treatment in 
the gas ambient atmosphere containing 
hydrogen removes the natural oxidation 
film on the front face of a substrate at the 
base of opening further. 
[0050] Next, as shown in drawing 1 (c), 
the exposed substrate front face is used 
for a growth nucleus (seed), and selective 
growth of the epitaxial layer 3 is carried 
out on a silicon substrate 1. Selective 
growth of the epitaxial layer 3 is carried 
out so that it may be thicker than the 



thermal oxidation film 2 and may disturb 
on the thermal oxidation film 2. 
[0051] An epitaxial layer 3 is a silicon 
layer, a silicon germanium layer (alloy 
film with which germanium dissolved by 
10 - 90% of density range to silicon), or a 
germanium layer. 

[0052] As source gas of silicon, a dichloro 
silane is usually used. Moreover, when a 
residual steam partial pressure and 
oxygen tension use the membrane 
formation equipment of 10 to 9 or less 
Torrs, a mono silane, a disilane, or 
trishiran may be used. 
[0053] As source gas of germanium, 
germane (GeH4) or 4 fluoridation 
germane (GeF4) is used. Any combination 
of source gas is possible for formation of 
the silicon germanium film, and the 
combination of a mono silane and 
germane is usually used. 
[0054] HC1 may be added in order to 
perform selective growth certainly. 
Epitaxial growth temperature should just 
form membranes under desired 
conditions by the class of gas used by 
within the limits from 700 degrees C to 
1100 degrees C, and the thickness and 
membraneous quality to deposit. 
[0055] Next, as shown in drawing 2 (d), 
by CMP or mechanical polish 
(MPMechanical Polishing), the surplus 
exterior [ of opening of the thermal 
oxidation film 2 ] epitaxial layer 3 is 
removed, and flattening of the front face 
is carried out. 
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[0056] Next, as shown in drawing 2 (e), 
about 10 ■ 50nm of front faces of the 
epitaxial layer 3 which remained in the 
component formation field is etched, and 
the crystal damage layer formed in the 
front face of an epitaxial layer 3 at the 
process of drawing 2 (d) is removed. 
Consequently the front face of an 
epitaxial layer 3 comes to be located 
below the front face of the thermal 
oxidation film 2. 

[0057] The above-mentioned etching is 
the wet etching which used the liquid 
which diluted with an acetic acid or pure 
water the liquid with which the nitric 
acid was made to mix 10% or less of 
fluoric acid, when epitaxial layers 3 are a 
silicon layer and a silicon germanium 
layer. 

[0058] Moreover, they are the wet etching 
using the liquid which diluted with an 
acetic acid or pure water the liquid with 
which the nitric acid was made to mix 
10% or less of fluoric acid in the case of 
the germanium layer, or the wet etching 
using a sulfuric acid (it carries out, as 
soon as it will dilute with heating or 
water, if there is need, and an etch rate is 
controlled.). 

[0059] Finally, by heat treatment in the 
ambient atmosphere containing hydrogen, 
while carrying out flattening of the front 
face of an epitaxial layer 3 on atomic 
layer level, distortion of the interface of 
the thermal oxidation film 2 and an 
epitaxial layer 3 is eased, and an 



interface-state-density consistency is 
reduced to about [ 5x1010cm - / 2 or less ]. 
After this, the process which forms a 
desired semiconductor device, for 
example, an MOS transistor, in an 
epitaxial layer 3 continues as usual. 
[0060] As stated above, generating of a 
void which causes dispersion since it is 
filled up with opening by the epitaxial 
layer 3 according to this operation gestalt 
can be prevented, and since it forms so 
that an epitaxial layer 3 may be further 
disturbed on the thermal oxidation film 2 
of an opening outside, generating of a 
facet leading to dispersion can also be 
prevented. Therefore, according to this 
operation gestalt, even if it advances 
detailed-ization of a component, 
component isolation construction which 
can control dispersion in a component 
property effectively can be realized. 
[0061] In addition, although it was made 
for the front face of an epitaxial layer 3 to 
be located below the front face of the 
thermal oxidation film 2 with this 
operation gestalt, you may be the height 
with the conversely lower or front face of 
the thermal oxidation film 2, and the 
same both. What is necessary is just to 
choose final component isolation 
construction suitably, since the void and 
facet leading to property dispersion can 
be prevented if the surplus epitaxial layer 
3 is removed after carrying out selective 
growth so that it may be thicker than the 
thermal oxidation film 2 and an epitaxial 
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layer 3 may be disturbed on the thermal 
oxidation film 2 in short. 
[0062] (2nd operation gestalt) Drawing 3 
is the process sectional view showing the 
formation approach of the component 
isolation construction concerning the 2nd 
operation gestalt of this invention. In 
addition, the same sign as drawing 1 and 
drawing 2 is given to drawing 1 and 
drawing 2 , and a corresponding part, and 
detailed explanation is omitted. 
[0063] First, the process shown in 
drawing 1 (a) - drawing 1 (c) is performed. 
[0064] Next, as shown in drawing 3 (a), in 
order to make a front face flat, the silicon 
film 4 is formed in the whole surface. The 
silicon germanium film or the germanium 
film may be formed instead of the silicon 
film 4. 

[0065] Next, as shown in drawing 3 (b), 
CMP or MP removes the external silicon 
film 4 and external epitaxial layer 3 of 
opening of the thermal oxidation film 2, 
and a front face is made flat. Here, 
although the thickness of an epitaxial 
layer 3 has the pattern dependency of 
changing by the difference in the 
dimension of opening of the thermal 
oxidation film 2, or the difference in a 
consistency, since the front face is flat 
with the silicon film 4, a pattern 
dependency is improved and the surface 
smoothness of the front face of the back, 
such as CMP, becomes high enough. The 
next process is the same as the process of 
drawing 2 (e) of the 1st operation gestalt 



or subsequent ones. 

[0066] (3rd operation gestalt) Drawing 4 
and drawing 5 are the process sectional 
views showing the formation approach of 
the component isolation construction 
concerning the 3rd operation gestalt of 
this invention. This operation gestalt is 
the example which applied the 1st 
operation gestalt to the SOI substrate. 
[0067] First, as shown in drawing 4 (a), it 
is Ce02, YSZ (Yttrium Stabilized 
Zirconia), and CaF2 on the silicon 
substrate 11 of a single crystal. Or after 
forming the single crystal insulator layer 
12 which consists of insulating materials, 
such as a diamond, the oxide film 13 as 
an isolation insulator layer is formed on 
the single crystal insulator layer 12. 
[0068] After it forms an oxide film 13 by 
thermal oxidation by the oxidizing 
atmosphere 900 degrees C or more or it 
carries out deposition formation, it is 
formed by performing overheating of 900 
degrees C or more. By such approach, the 
oxide film 13 with a slow etch rate to 
fluoric acid or ammonium fluoride is 
obtained. In order to obtain the oxide film 
13 with a still slower etch rate, it is good 
to oxidize thermally under the 
high-pressure oxidizing atmosphere of 
ten or more atmospheric pressures. 
[0069] Next, as shown in drawing 4 (b), 
using a photolithography and anisotropic 
etching, the oxide film 13 of the field 
corresponding to a component formation 
field is removed alternatively, and 
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opening of the opening is carried out to 
an oxide film 13. RIE is used for 
anisotropic etching at exposure of a 
photoresist using KrF or an ArF excimer 
laser. 

[0070] Next, heat treatment in the gas 
ambient atmosphere which removes the 
natural oxidation film of the front face of 
the single crystal insulator layer 12 at 
the base of opening and contains 
hydrogen continuously by the fluoric acid 
or ammonium fluoride which oxidized 
and diluted the contamination layer 
which consists of surface carbon and the 
surface fluorine of the single crystal 
insulator layer 12 removes the natural 
oxidation film of the front face of the 
single crystal insulator layer 12 at the 
base of opening further. 
[0071] Next, as shown in drawing 4 (c), 
the front face of the exposed single crystal 
insulator layer 12 is used for a growth 
nucleus (seed), and selective growth of 
the epitaxial layer 14 is carried out. 
Selective growth of the epitaxial layer 14 
is carried out so that it may be thicker 
than an oxide film 13 and may disturb on 
an oxide film 13. 

[0072] An epitaxial layer 14 is a silicon 
layer, a silicon germanium layer (alloy 
film with which germanium dissolved by 
10-90% of density range to silicon), or a 
germanium layer. 

[0073] As source gas of silicon, a dichloro 
silane is usually used. Moreover, when a 
residual steam partial pressure and 



oxygen tension use the membrane 
formation equipment of 10 to 9 or less 
Torrs, a mono silane, a disilane, or 
trishiran may be used. 
[0074] As source gas of germanium, 
germane (GeH4) or 4 fluoridation 
germane (GeF4) is used. Any combination 
of source gas is possible for formation of 
the silicon germanium film, and the 
combination of a mono silane and 
germane is usually used. 
[0075] HC1 may be added in order to 
perform selective growth certainly. 
Epitaxial growth temperature should just 
form membranes under desired 
conditions by the class of gas used by 
within the limits from 700 degrees C to 
1100 degrees C, and the thickness and 
membraneous quality to deposit. 
[0076] Next, as shown in drawing 5 (d), 
with CMP or MP, the surplus exterior [ of 
opening of an oxide film 13 ] epitaxial 
layer 14 is removed, and flattening of the 
front face is carried out. 
[0077] Next, as shown in drawing 5 (e), 
about 10-50nm of front faces of the 
epitaxial layer 14 which remained in the 
component formation field is etched, and 
the crystal damage layer produced on the 
front face of an epitaxial layer 14 at the 
process of drawing 5 (d) is removed. 
Consequently, the front face of an 
epitaxial layer 14 comes to be located 
below the front face of an oxide film 13. 
[0078] The above-mentioned etching is 
the wet etching which used the liquid 
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which diluted with an acetic acid or pure 
water the liquid with which the nitric 
acid was made to mix 10% or less of 
fluoric acid, when epitaxial layers 14 are 
a silicon layer and a silicon germanium 
layer. 

[0079] Moreover, they are the wet etching 
using the liquid which diluted with an 
acetic acid or pure water the liquid with 
which the nitric acid was made to mix 
10% or less of fluoric acid in the case of 
germanium, or the wet etching using a 
sulfuric acid (it carries out, as soon as it 
will dilute with heating or water, if there 
is need, and an etch rate is controlled.). 
[0080] Lastly, by heat treatment in the 
ambient atmosphere containing hydrogen, 
while carrying out flattening of the front 
face of an epitaxial layer 14 on atomic 
layer level, distortion of the interface of 
an oxide film 13 and an epitaxial layer 14 
is eased, an interface -state density 
consistency is reduced to about 
[ 5x1010cm - / 2 or less ], and component 
isolation construction is completed. After 
this, the process which forms a desired 
semiconductor device, for example, an 
MOS transistor, in an epitaxial layer 14 
continues as usual. 

[0081] In addition, at the process of 
drawing 4 (c), in order to improve the 
pattern dependency of the thickness of an 
epitaxial layer 13, the silicon film etc. 
may be formed in the , whole surface like 
the 2nd operation gestalt. 
[0082] Even if it can prevent generating 



of a void and a facet which becomes the 
1st operation gestalt and the cause of 
dispersion similarly, therefore advances 
detailed-ization of a component also with 
this operation gestalt, component 
isolation construction which can control 
dispersion in a component property 
effectively can be realized. Furthermore, 
according to this operation gestalt, 
isolation in a SOI substrate can be easily 
performed now rather than before. 
[0083] (4th operation gestalt) Drawing 6 - 
drawing 9 are the process sectional views 
showing the manufacture approach of the 
MOS transistor concerning the 4th 
operation gestalt of this invention. 
[0084] First, as shown in drawing 6 (a), 
the thermal oxidation film 22 with a 
thickness of about 200-300nm is formed 
by thermal oxidation on the silicon 
substrate 21 of a single crystal. After 
thermal oxidation, they are NO, N2 O, 
and NH3. Or a field with a depth of about 
at least 10-20nm may be changed into the 
SiNO film etc. from the front face of the 
thermal oxidation film 22 using a 
nitrogen radical etc. 

[0085] Next, as shown in this drawing (a), 
a photolithography and anisotropic 
etching are used like the 1st operation 
gestalt. Remove alternatively the 
thermal oxidation film 22 of the field 
corresponding to a component formation 
field, and then are thicker than the 
thermal oxidation film 22. And selective 
growth of the epitaxial layer 23 is carried 
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out so that it may disturb on the thermal 
oxidation film 22, and next, like the 2nd 
operation gestalt, in order to improve the 
pattern dependency of the thickness of an 
epitaxial layer 23, the silicon film 24 is 
formed in the whole surface. 
[0086] An epitaxial layer 23 is a silicon 
layer, a silicon germanium layer, or a 
germanium layer. The silicon germanium 
film or the germanium film may be 
formed instead of the silicon film 24. 
[0087] Next, as shown in drawing 6 (b), 
CMP or MP removes the external silicon 
film 24 and external epitaxial layer 23 of 
opening of the thermal oxidation film 22, 
and a front face is made flat. 
[0088] in order [ then, ] to improve the 
crystallinity of the front face of an 
epitaxial layer 23 - the temperature of 
800 degrees C or more it heat-treats in 
a hydrogen ambient atmosphere with a 
temperature of 900 degrees C or more 
preferably. Si atom moves on a front face, 
flattening is carried out on atomic level 
by such heat treatment, and crystallinity 
is improved by it. 

[0089] If the approach described above is 
used, a component field (epitaxial layer 
23) and a component isolation region 
(thermal oxidation film 22) can be easily 
formed by separation width of face of 0.15 
micrometers or less (with the 
conventional approach, about 0.18 
micrometers is a limitation). 
[0090] As it is the production process of 
an MOS transistor and is first shown in 



drawing 6 (c) after this, the thermal 
oxidation film 25 with a thickness of 
about 3-10nm is formed on an epitaxial 
layer 23. 

[0091] Next, as shown in drawing 7 (d), 
the dummy gate film 26 of the same 
pattern as a gate electrode is formed on 
the thermal oxidation film 25. The 
dummy gate film 26 is formed by 
processing this into the dummy gate film 
26 by anisotropic etching using the 
cascade screen (SiN/a Si film) of a silicon 
nitride and the amorphous silicon film. 
[0092] Here, the film of the upper layer of 
the dummy gate film 26 is not limited to a 
silicon nitride, and should just use the 
film with which a polish rate becomes 
slow rather than an interlayer insulation 
film 30 in the flattening process by polish 
of the interlayer insulation film 30 of a 
back process ( drawing 7 R> 7 (£)). 
[0093] Moreover, the lower layer film of 
the dummy gate film 26 is not limited to 
the amorphous silicon film, and should 
just use the film with an etch rate 
quicker than the thermal oxidation film 
25. Specifically what is necessary is just 
the film of Si systems, such as 
polycrystalline silicon film. 
[0094] Next, as shown in this drawing (d), 
the thermal oxidation film 25 and the 
dummy gate film 26 are used as a mask, 
an impurity is introduced into a substrate 
front face using the impurity introducing 
methods, such as an ion implantation, 
plasma doping, or gaseous-phase 
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diffusion,, and the extension field (LDD) 
27 of a source drain field is formed. 
[0095] 800 1000 degrees C and heat 
treatment for 30 or less seconds perform 
electric activation of the above-mentioned 
impurity using RTA (Rapid Thermal 
Annealing) in which the programming 
rate 100 degrees C / more than sec is 
possible. 

[0096] Next, as shown in drawing 7 (e), 
the gate side-attachment-wall insulator 
layer 28 which consists of a silicon nitride 
or a silicon nitriding oxide film with a 
thickness of about 5"30nm is formed by 
the so-called side-attachment-wall 
remnants. It is desirable for the oxide 
film with a thickness of lOnm or less to 
intervene between the gate 
side-attachment-wall insulator layer 28 
and the dummy gate film 26 so that the 
gate side attachment-wall insulator layer 
28 may not retreat in a longitudinal 
direction at the time of the removal 
process of the dummy gate film 26 of a 
back process. 

[0097] Next, as shown in this drawing (e), 
using the impurity introducing methods, 
such as an ion implantation, plasma 
doping, or gaseous-phase diffusion, an 
impurity is introduced into a substrate 
front face and the field 29 where a source 
drain field is deep is formed in it. 800-900 
degrees C and heat treatment for 30 or 
less seconds perform electric activation of 
the above-mentioned impurity using RTA 
in which the programming rate 100 



degrees C / more than sec is possible. 
[0098] In order to raise the concentration 
of the activated impurity, 1000 degrees C 
or more and heat treatment for 1 or less 
second may be performed using the laser, 
mercury lamp, or KISENO lamp which 
has the wavelength of an electron beam 
or an ultraviolet region. Electric 
activation of the impurity in the process 
of drawing 7 (d) may be performed at this 
process. 

[0099] Then, as shown in this drawing (e), 
the interlayer insulation film 30 thicker 
than the dummy gate film 26 is deposited 
on the whole surface with a CVD method. 
Si02 which can make a polish rate here 
quicker enough than the silicon nitride 
which is film of the upper part of the 
dummy gate film 26 as an interlayer 
insulation film 30 The film is used. 
[0100] Next, an interlayer insulation film 
30 is ground by CMP, and a front face is 
made flat until the front face of the 
dummy gate film 26 is exposed, as shown 
in drawing 7 CO. 

[0101] Next, as shown in drawing 8 (g), 
after etching which combined isotropic 
etching and anisotropic etching removes 
the dummy gate film 26, etching removes 
the thermal oxidation film 25 so that a 
crystal defect may not be formed in an 
epitaxial layer 23, and opening 31 is 
formed. 

[0102] Next, as shown in drawing 8 (h), 
the ion 32 of B, Ga, In, P, As, or Sb is 
injected into the base of opening 51, and 
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the channel impurity doping layer 33 is 
formed. 

[0103] As for this ion implantation, it is 
desirable to carry out at low temperature. 
An ion implantation is performed 
specifically cooling a silicon substrate 21 
so that -60 degrees C or less may turn 
into -100 degrees C or less desirably in 
substrate temperature. 
[0104] If an ion implantation is 
performed at such low temperature, since 
grouping of an atomic hole can be 
controlled, a crystal defect is completely 
recoverable with heat treatment. As for 
an impregnation include angle, it is 
desirable that it is less than 5 degrees 
from a perpendicular or a perpendicular 
to the front face of a silicon substrate 21. 
[0105] As for heat treatment for 
activation of the above-mentioned 
impurity, it is desirable to lengthen a 
heat treatment room to a vacuum once, or 
to fully pass inert gas, such as N or Ar, 
and to start heat treatment in the 
condition that oxidizers, such as oxygen, 
a steam, and a carbon dioxide, do not mix 
in the heat treatment interior of a room. 
The sectional view after heat treatment is 
shown in drawing 8 (i). 
[0106] Then, the oxide film with a 
thickness of lnm or less which is not 
illustrated is formed in the front face of 
the epitaxial layer 3 of the base of 
opening 31 by dry processing according 
the wet processing by the water solution 
containing hydrogen peroxide solution 



and ozone water, an oxygen radical; or 
ozone to business. 

[0107] next, it is shown in drawing 4 (j) - 
as - the front face (a base and side face) 
of opening 31 a wrap - like - Ta 205, 
Ti02, BSTO, or Ce02 etc. Si02 The 
gate dielectric film 34 with a thickness of 
about l-20nm which consists of an 
insulating material with high specific 
inductive capacity is formed. 
[0108] If the thickness of gate dielectric 
film 34 exceeds 20nm, the rate of the gate 
dielectric film 34 occupied in opening 31 
becomes large too much, gate resistance 
will become large or control of the carrier 
of the channel section by gate voltage, i.e., 
control of a threshold electrical potential 
difference, will become difficult. 
[0109] When forming gate dielectric film 
34 with a CVD method, in order to 
prevent ununiformity growth, it is good 
to remove scaling film, such as natural 
oxidation film and chemical oxide film, 
and to make oxygen adsorb by one to 2 
atomic layer before formation of gate 
dielectric film 34 next, or to form a Si-0 
binder course, then, a CVD method - Ta 
205, Ti02, BSTO, or Ce02 etc. - the gate 
dielectric film 34 which consists of a high 
dielectric constant insulating material is 
formed. Moreover, SiOx Ny with a 
thickness of about 2*3nm The film may be 
deposited or the front face of the oxide 
film which does not carry out 
[ above-mentioned ] illustration may be 
nitrided using a nitrogen radical etc. at 
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the temperature of 500 degrees C or less. 
[0110] moreover, SiOx Ny lnm or less a 
layer top - the above [ TiO / Ta and / 2 ] 
205 etc. - a high dielectric constant 
insulator layer may be formed. 
[0111] Next, as shown in this drawing (j), 
the conductive thin film 35 which has the 
metal conductivity which determines the 
work function of the gate, for example, 
the TiN film with a thickness of lOnm or 
less, is formed on gate dielectric film 34. 
[0112] At this time, membrane formation 
conditions, such as a presentation of TiN, 
deposition temperature, and a pressure, 
are set up so that the diameter of crystal 
grain of the TiN film, 35 may be set to 
30nm or less. With this operation gestalt, 
the ratio of Ti and N controls the division 
ratio of Ar and N by temperature of 300 
degrees C or less so that N becomes 
superfluous rather than 1:1, the TiN film 
is formed by the spatter, and the TiN film 
35 is formed by adding 30% or less of 
oxygen on this TiN film. 
[0113] By making concentration of the 
oxygen to add 10% from 1%, it becomes 
possible to set the diameter of crystal 
grain of the TiN film 35 to lOnm or less. 
If an oxygen density is made to increase 
more than this, since electric conductivity 
falls and it stops showing metallic 
conduction, it is required to make it less 
than [it]. 

[0114] Moreover, B (boron) and C (carbon) 
are added on the TiN film in addition to 
oxygen, and it is possible to make the 



diameter of crystal grain smaller than 
the additive-free TiN film, and it can be 
made amorphous by 10-30% of B, or 
addition of C. 

[0115] Ti target which contains B or C as 
a spatter target, using the compound gas 
which contains B and C in case addition 
of B or C carries out the spatter of the 
TiN, for example, a boron hydride, a 
carbon hydride, B fluoride, or C fluoride - 
the inside of the mixed gas of Ar and N - 
formation - it is possible by carrying out 
the spatter of the TiN target which 
carries out a spatter or contains B or C by 
Ar. It is possible by adding impurities, 
such as O, B, and C, to TiN, and 
controlling the presentation of TiN to set 
a work function as 4.5eV or less. 
[0116] Moreover, TiC14 NH3 Using the 
used CVD method, at the temperature of 
600 degrees C or less, the ratio of Ti and 
N may form [ N ] membranes rather than 
VI so that it may become superfluous. 
When it is made temperature higher than 
600 degrees C, the irregularity of the 
front face of the TiN film becomes 
remarkably large, and it becomes 
impossible to form a low resistance metal 
membrane on it at homogeneity. 
[0117] Moreover, you may 
microcrystal-ize using the approach of 
adding 30% or less of oxygen like the TiN 
film formed by the spatter. The 
concentration of the oxygen to add is 1 - 
10% of range desirably, and it becomes 
possible to set the diameter of crystal 
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grain to 30nm or less with such an 
amount of oxygen. If thickness is set to 
about lOnm or less, it is possible to 
control the diameter of crystal grain to 
lOnm or less. 

[0118] Moreover, dimethylamino 
titanium (Ti {N(CH3) 2} 4 and 
dimethylamino titanium (Ti {N(CH3) 2} 
the TiN film and the TiCN film may be 
formed using a pyrolysis or the plasma in 
the ambient atmosphere which contains 
hydrogen for 4.)) 

[0119] When more than 50micro ohm-cm 
is sufficient as the specific resistance of a 
gate electrode, all gate electrodes may be 
formed by the TiN film. In this case, since 
thickness needs to form the TiN film 
50nm or more, it is required pillar- shaped 
or to be the film or amorphous film which 
has a stacking tendency with needle 
crystal. 

[0120] As electrode materials other than 
TiN, there are metal nitrides, such as Ta 
nitride, Nb nitride, Zr nitride, and Hf 
nitride, or metallic carbide, metal boride, 
a metal-Si nitride, metal-Si carbide, a 
graphitized carbon nitride, etc., for 
example. 

[0121] Desirably, for the thermal stability 
of the conductive thin film and gate 
dielectric film 34 which consist of these 
electrode materials and which have the 
metal conductivity which determines the 
work function of the gate, it is effective to 
add oxygen within limits to which 
conductivity is not reduced 50% or more. 



Moreover, these electrode materials are 
excellent also in the thermal stability of 
an interface with Ta oxide, Ti oxide, Zr 
oxide, Hf oxide, and Ce oxide. 
[0122] Finally, as shown in drawing .9 (k), 
pad formation of the gate electrode 36 is 
carried out into opening 36, and an MOS 
transistor is completed. As the one 
formation approach of the gate electrode 
36, aluminum film is formed in the whole 
surface by the spatter, the inside of 
opening 31 is filled up with aluminum 
film by the reflow, and there is an 
approach CMP or MP removes surplus 
aluminum film, the gate dielectric film 34, 
and the TiN film 35 besides opening 31. 
After depositing a metal membrane with 
low specific resistance, such as W film, on 
the whole surface with a CVD method as 
other approaches so that it may be filled 
up with the inside of opening 31, there is 
an approach CMP or the object for MP 
removes the above-mentioned surplus 
metal membrane, the gate dielectric film 
34, and the TiN film 35 besides opening 
31. 

[0123] When a source drain field needs to 
be formed into low resistance, it is CoSi2 
between the process of drawing ! (d), and 
the process of drawing 7 (e). A layer or 
TiSi2 It is good to add the process which 
forms metal silicide layers, such as a 
layer, in the front face of a source drain 
field. 

[0124] Here, when the depth of the source 
drain field 29 is lOOnm or less, it is 
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desirable to keep away 5nm or more of 
epitaxial layers 23 which are made to 
carry out epitaxial growth of a silicon 
layer, a silicon germanium layer, or the 
silicon germanium carbon layer on the 
source drain field 29, and are eaten away 
in a metal silicide layer from the interface 
(pn junction interface) of the source drain 
field 29 and epitaxial 23. 
[0125] What is necessary is just to form 
the gate electrode which consists of a 
cascade screen of the polish recon film of 
the cascade screen of the polish recon film 
of the usual n mold or p mold, and the 
silicide film / metal membrane, the 
silicide film In mold, or p mold instead of 
the dummy gate film 26 at the process of 
drawing 7 (d) in this operation gestalt, in 
order to manufacture the usual MOS 
transistor although the manufacture 
approach of the MOS transistor of a 
DAMASHIN gate mold was explained. 
The laminating of the nitride with an 
etch rate slower than an oxide film etc. 
may be carried out on a gate electrode. 
[0126] Drawing 10 shows the gate length 
dependency of the threshold electrical 
potential difference Vth of the MOS 
transistor formed by the approach and 
the conventional approach of this 
invention. The MOS transistor formed by 
the approach of this invention does not 
have retreat of the isolation insulator 
layer in the boundary of the component 
isolation region and component field by a 
facet etc. Moreover, 15nm of Si front faces 



of a component field is caudad retreated 
from the isolation insulator layer front 
face. The MOS transistor formed by the 
conventional approach has retreat of the 
isolation insulator layer in the boundary 
of the component isolation region and 
component field by a facet etc. 
[0127] Although dispersion in the 
threshold electrical potential difference 
Vth of the MOS transistor which the 
approach of this invention formed from 
drawing is small at 30mV or less, it turns 
out by about 50- 100m V that ****** of the 
MOS transistor which the conventional 
approach formed is large. The reason 
dispersion in the threshold electrical 
potential difference Vth becomes large by 
the conventional approach is because 
retreat of an isolation insulator layer 
arises by the conventional approach and 
the amount has dispersion. 
[0128] (5th operation gestalt) Drawing 11 
and drawing 12 are the process sectional 
views showing the formation approach of 
the component isolation construction 
concerning the 5th operation gestalt of 
this invention. 

[0129] First, as shown in drawing 11 (a), 
the oxide film 42 with a thickness of 
about 200nm is formed in the front face of 
the silicon substrate 41 of a single crystal 
by thermal oxidation, and then the silicon 
nitride 43 with a thickness of about 50nm 
is formed with a CVD method on an oxide 
film 42. The conductivity type of a silicon 
substrate 41 is a p mold, and field 
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bearing is (100). 

[0130] Here, although thickness of an 
oxide film 42 was set to 200nm, 400nm is 
sufficient, and a silicon substrate 41 is 
oxidized at 1000 degrees C in that case. 
Moreover, although thickness of the 
silicon nitride 43 was set to 50nm, 15nm 
is sufficient, and it is SiCl two H2 in that 
case. NH3 It forms with the used reduced 
pressure CVD method. 
[0131] Next, as shown in drawing 11 (b), 
the silicon nitride 43 and an oxide film 42 
are processed using a photolithography 
and RIE, and the opening 44 which 
reaches a silicon substrate 41 is formed in 
the field corresponding to a component 
formation field. Here, the silicon nitride 
43 etches by using a photoresist as a 
mask, and an oxide film 42 exfoliates the 
above-mentioned photoresist, and it 
etches by using as a mask the silicon 
nitride 43 by which the pattern of a 
photoresist was imprinted. In addition, a 
photoresist may be used as a mask and 
the silicon nitride 43 and an oxide film 42 
may be etched. 

[0132] next - as pretreatment of epitaxial 
growth - CF4 CDE (Chemical Dry 
Etching) using the mixed gas of oxygen - 
after removing the damage layer 
produced on the substrate front face by 
RIE by etching about lOnm of substrate 
front faces in law, the wet processing 
using diluted fluoric acid removes the 
natural oxidation film on the front face of 
a substrate. CDE is 02. It can also 



replace by used RIE. 

[0133] Next, as shown in drawing 11 (c), 
the exposed substrate front face is used 
for a growth nucleus (seed), and selective 
growth of the epitaxial layer 45 is carried 
out. An epitaxial layer 45 is filled up with 
opening 44, and it is made it to carry out 
selective growth on the silicon nitride 43, 
so that it may disturb. An epitaxial layer 
45 is a silicon layer, a silicon germanium 
layer, or a germanium layer like the 1st 
operation gestalt. In the case of a silicon 
layer, it is SiH4. H2 In using mixed gas 
****, it is SiH2 C12. H2 Mixed gas or the 
gas which added HC1 to these is used. 
[0134] Next, as shown in drawing 12 (d), 
CMP of the conditions that the polish rate 
of SiN to Si is late enough removes the 
surplus exterior [ of opening 44 ] epitaxial 
layer 45, and a front face is made flat. 
Seria is used for an abrasive grain. 
[0135] Next, as shown in drawing 12 (e), 
the oxidizing zone 46 with a thickness of 
about 150nm is formed by thermal 
oxidation. At this time, only about 75nm 
of locations of the interface of an 
oxidizing zone 46 and an epitaxial layer 
45 consists of a location of the front face 
of the silicon nitride 43 caudad. 
[0136] Next, as shown in drawing 12 (£), 
after RIE removes an oxidizing zone 46 
alternatively, the wet etching using 
phosphoric acid liquid removes the silicon 
nitride 43 alternatively. Consequently, 
only 25nm of locations of the front face of 
the epitaxial layer 45 of a component 
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formation field consists of a location of 
the front face of the oxide film 42 of a 
component isolation region caudad. Here, 
although the oxidizing zone 46 was 
removed in RIE, the wet etching using 
BHF or a DHF solution may remove. 
After this, the process which forms a 
desired semiconductor device in an 
epitaxial layer 45 continues as usual. 
[0137] Also with this operation gestalt, 
like the 1st operation gestalt, generating 
of a void or a facet can be prevented and 
the same effectiveness as the 1st 
operation gestalt is acquired. 
[0138] (6th operation gestalt) Drawing 13 
is the process sectional view showing the 
formation approach of the component 
isolation construction concerning the 6th 
operation gestalt of this invention. In 
addition, the same sign as drawing 11 
and Hawing 12 is given to drawing 11 
and drawin g 12 , and a corresponding 
part, and detailed explanation is omitted. 
[0139] First, the process shown in 
drawing 11 [ of the 5th operation gestalt ] 
(a) - Fi g. 1212 (d) is performed. 
[0140] Next, as shown in drawing 13, (a), 
the oxidizing zone 46 with a thickness of 
about 50nm is formed by thermal 
oxidation. At this time, only about 25nm 
of locations of the interface of an oxide 
film 42 and the silicon nitride 43 consists 
of a location of the interface of an 
oxidizing zone 46 and an epitaxial layer 
45 caudad. When thickness of the silicon 
nitride 43 is set to 15nm, thermal 



oxidation of about lOnm is carried out at 
900 degrees C. 

[0141] Lastly, as shown in drawing 13. (b), 
RIE removes an oxidizing zone 46 
alternatively and component isolation 
construction is completed. Heat 
treatment for carrying out flattening of 
the front face on atomic level may be 
performed like the 1st operation gestalt 
next. Only 25nm of locations of the front 
face of the epitaxial layer 45 of a 
component formation field consists of a 
location of the front face of the silicon 
nitride 43 of a component isolation region 
caudad. About lOnm when it oxidizes 
thermally, only about lOnm becomes 
caudad. 

[0142] (7th operation gestalt) Drawing 14 
is the process sectional view showing the 
formation approach of the component 
isolation construction concerning the 7th 
operation gestalt of this invention. In 
addition, the same sign as drawing 11 
and drawing 12 is given to drawing 11 
and drawin g 12 , and a corresponding 
part, and detailed explanation is omitted. 
[0143] First, the process (removal of the 
damage layer produced by RIE and 
removal of the natural oxidation film are 
included) shown in drawing 11 [ of the 
5th operation gestalt ] (a) - Fig. 1111 (b) is 
performed. 

[0144] Next, as shown in drawing 14 (a), 
the exposed substrate front face is used 
for a growth nucleus (seed), and on the 
silicon nitride 43, selective growth of the 
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epitaxial layer 45 is carried out so that it 
may not disturb. Therefore, a facet will 
arise in opening 44. Moreover, selective 
growth is performed here so that only a 
few may become high rather than the 
front face of silicon oxide 42 about the 
front face of an epitaxial layer 45. 
[0145] Next, as shown in drawing 14 (b), 
it is the reduced pressure H2 of lOTorr 
extent. An epitaxial layer 45 is made to 
flow by 1000 degrees C in the inside of an 
ambient atmosphere, and annealing for 
about 5 minutes, and the front face of an 
epitaxial layer 45 is made flat. 
Consequently, a facet disappears. 
Moreover, the front face of an epitaxial 
layer 45 becomes lower than the front 
face of silicon oxide 42. 
[0146] As shown in drawing 14 (c), at the 
last, the wet etching by phosphoric acid 
removes the silicon nitride 43 
alternatively, and component isolation 
construction is completed at it. 
[0147] (8th operation gestalt) Drawing 15 
is the process sectional view showing the 
manufacture approach of the 
semiconductor device concerning the 8th 
operation gestalt of this invention. In 
addition, the same sign as drawing 11 
and drawing 12 is given to drawing 11 
and drawin g 12 , and a corresponding 
part, and detailed explanation is omitted. 
[0148] First, the process to drawing 11 
[ of the 5th operation gestalt ] (a) - Fig, 
1212 (d) is performed. 
[0149] Next, as shown in drawing 15 (a), 



it acts as the pull back (pull back) of the 
silicon nitride 43 by etching by heat 
phosphating or fluoric acid glycerol 
processing, the silicon nitride 43 around 
an epitaxial layer 45 is removed, and 
opening 47 is formed. 
[0150] Next, as shown in drawing 15 (b), 
the field in Mr. about 150nm Fukashi is 
oxidized thermally from the front face of 
an epitaxial layer 45, and an oxidizing 
zone 46 is formed. Consequently, only 
about 75nm of locations of the interface of 
an oxidizing zone 46 and an epitaxial 
layer 45 consists of a location of the front 
face of the silicon nitride 42 caudad. 
[0151] At this time, an oxidation kind is 
spread in the interface of an oxide film 42 
and an epitaxial layer 45 through 
opening 47, and a good isolation property 
can be acquired by oxidizing that 
interface thermally. Moreover, the 
crystalhnity of the epitaxial 45 which 
deteriorated by CMP is recovered by this 
thermal oxidation. 

[0152] Lastly, as shown in drawing 15 (c), 
after RIE removes an oxidizing zone 46 
alternatively, wet ** etching by 
phosphoric acid removes the silicon 
nitride 43 alternatively, and component 
isolation construction is completed. Only 
25nm of locations of the front face of the 
epitaxial layer 45 of a component 
formation field consists of a location of 
the front face of the oxide film 42 of a 
component isolation region caudad. 
[0153] (9th operation gestalt) Drawing 16 
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and drawing 17 are the process sectional 
views showing the formation approach of 
the component isolation construction 
concerning the 9th operation gestalt of 
this invention. In addition, the same sign 
as drawing 11 and drawing 12 is given to 
drawing 11 and drawing 12 R> 2, and a 
corresponding part, and detailed 
explanation is omitted. 
[0154] First, as shown in drawing 16 (a), 
sequential formation of the oxide film 42 
with a thickness of about 200nm and the 
silicon nitride 43 with a thickness of 
about lOnm is carried out on a silicon 
substrate 41 like the 5th operation 
gestalt. Next, as shown in this drawing 
(a), it is Si02 with a thickness of about 
50nm on the silicon nitride 43. Sequential 
formation of the film 48 and the silicon 
nitride 49 with a thickness of about 50nm 
is carried out with a CVD method. 
[0155] Next, as shown in drawing 16 (b), 
a photolithography and RIE are used, 
and they are an oxide film 42, the silicon 
nitride 43, and Si02. The film 48 and the 
silicon nitride 49 are processed, and the 
opening 44 which reaches a silicon 
substrate 41 is formed. 
[0156] Next, after 02 RIE removes the 
damage layer produced on the substrate 
front face by RIE as pretreatment of 
epitaxial growth, the wet processing 
using diluted fluoric acid removes the 
natural oxidation film on the front face of 
a substrate. 

[0157] Next, as shown in drawing 16. (c), 



the exposed substrate front face is used 
for a growth nucleus (seed), and selective 
growth of the epitaxial layer 45 is carried 
out. An epitaxial layer 45 is filled up with 
opening 44, and it is made it to carry out 
selective growth on the silicon nitride 49, 
so that it may disturb. 
[0158] Next, as shown in drawing 16 (d), 
CMP of the conditions that the polish rate 
of SiN to Si is late enough removes the 
surplus exterior [ of opening 44 ] epitaxial 
layer 45, and a front face is made flat. 
[0159] Next, as shown in drawing 17 (e), 
the field in Mr. about 150nm Fukashi is 
oxidized thermally from the front face of 
an epitaxial layer 45, and an oxidizing 
zone 46 is formed. At this time, the 
crystallinity of the epitaxial 45 which 
deteriorated by CMP is recovered. 
[0160] Next, they are an oxidizing zone 
46 and Si02 by the wet etching using [ as 
shown in drawin g 17 (£>, the wet etching 
using phosphoric acid removes the silicon 
nitride 49, and continue, and ] fluoric acid. 
The film 48 is removed. 
[0161] Then, an epitaxial layer 43 is 
again oxidized thermally and the 
interface of an oxide film 42 and an 
epitaxial layer 45 is reformed. Thereby, a 
good isolation property can be acquired. 
The reason such whose interface 
reforming becomes possible is that the 
thickness of the silicon nitride 43 is as 
thin as about lOnm. 

[0162] Si02 which was lastly formed by 
the above-mentioned reoxidation as 
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shown in rawing 17 (g) and which is not 
illustrated Wet etching removes the film 
and the silicon nitride 43 one by one, and 
component isolation construction is 
completed. 

[0163] (10th operation gestalt) Drawing 
13 is the process sectional view showing 
the formation approach of the component 
isolation construction concerning the 
10th operation gestalt of this invention. 
[0164] First, the process of drawing 11 [ of 
the 5th operation gestalt ] (a) - Fig. 1111 
(b) is performed. 

[0165] Next, CHF3 as shown in drawing 
IS (a), after forming a silicon nitride with 
a thickness of 5nm in the whole surface 
with a CVD method Etchback of the 
above-mentioned silicon nitride is carried 
out by RIE using gas, and the silicon 
nitride 50 is formed in the side 
attachment wall of opening 44. 
[0166] Next, as pretreatment of epitaxial 
growth, it is CF4. By etching about lOnm 
of substrate front faces by the CDE 
method using the mixed gas of oxygen, 
the damage layer produced on the 
substrate front face by RIE is removed. 
Then, the wet processing using diluted 
fluoric acid removes the natural oxidation 
film on the front face of a substrate. 
[0167] Next, as shown in drawing 18 (b), 
in opening 44, it embeds in an epitaxial 
layer 45 and forms. This process is the 
same as the process (a surplus epitaxial 
45 removal by CMP) of the process 
(selective growth of an epitaxial layer 45) 



of drawing 11 (c) of the 5th operation 
gestalt - drawing 12 (d). Here, since the 
silicon nitride 50 is formed in the side 
attachment wall of opening 44, a facet is 
not produced in the case of the selective 
growth of the PITAKISHARU layer 45. 
The next process is the same as the 
process of drawing 12 (e) of the 5th 
operation gestalt or subsequent ones 
( drawing 18 (c), drawing 18 (d)). 
[0168] Thus, when the thickness of gate 
oxide created the MOS transistor which 
is 4nm to the epitaxial 43 of the obtained 
component field and investigated the 
current potential property to it, the hump 
was not observed but good transistor 
characteristics were acquired. Moreover, 
when 100 MOS transistors were created 
in the wafer ( side and these were 
evaluated, unusual leakage current was 
not observed. Furthermore, generating of 
a crystal defect was not accepted in a 
component isolation region edge. This is 
considered because there is no 
concentration of stress. 
[0169] (11th operation gestalt) Drawing 
12 is a sectional view for explaining the 
MOS transistor concerning the 11th 
operation gestalt of this invention. This is 
the sectional view of a field parallel to the 
channel width direction. 
[0170] The top-face location of the silicon 
layer [ as opposed to / 61 / 62 / the silicon 
layer (semi-conductor layer of the 
semiconductor region on the front face of 
a substrate) of a component field and / 63 
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/ an isolation insulator layer (silicon 
oxide) and / as opposed to / in gate oxide 
and 64 / a gate electrode / a substrate 
(un-illustrating) in PSi ] 61 and Pins, 
show the top face location of the isolation 
insulator layer 62 to a substrate among 
drawing, respectively, the silicon layer 61 
for example, the 1- it forms by one 
approach of the 10th operation gestalt. 
Any of the usual silicon substrate and a 
SOI substrate are . sufficient as a 
substrate. 

[0171] The point that this operation 
gestalt differs from the former is to set 
height (amount of level differences) delta 
of the top face location PSi on the basis of 
top-face location Pins, as 50nm or less (3 
tox<=delta <=50nm) of the thickness tox 
of gate oxide 63 3 or more times. 
[0172] The reason set as 3 tox<=delta 
<=50nm is that it can make property 
fluctuation of a device property, especially 
fluctuation of threshold voltage Vth 
smaller than before so that it may 
mention later. It enables this to give a 
margin to a manufacture process. 
Moreover, since the oxide film thickness 
in the corner section of a component 
formation field becomes large, the effect 
which fluctuation of the amount delta of 
level differences has on a corner 
transistor (corner) is eased. 
[0173] Drawing 20 shows the MOS 
transistor which improved the MOS 
transistor of drawing 19 . In this MOS 
transistor, in order to prevent DIVOTTO, 



the isolation insulator layer 62 is formed 
also on the silicon layer 61 across the 
component isolation region. The 
dimension 65 of the channel width 
direction of the isolation insulator layer 
62 on said silicon layer 61 is more than 
the thickness of gate oxide 63, and the 
dimension of the channel width direction 
of the part gate electrode 64 is small. 
[0174] The result of having analyzed the 
relation between the amount delta of 
level differences and threshold voltage 
Vth by the three-dimensions device 
simulator to drawing 21 is shown. Unlike 
it of this operation gestalt, top -face 
location Pins, of the MOS transistor of 
the amount delta<=0 of level differences 
is the same as that of the top -face 
location PSi, or it is a thing lower than 
the top face location PSi type. 
[0175] Simulation conditions are also 
shown in ^rawin g 21 . The other 
conditions are as follows. That is, the 
dimension 65 is the same as the 
thickness of gate oxide 63. Moreover, p 
mold high impurity concentration 
(henceforth substrate concentration) of 
the silicon layer 61 is [ 300nm gate oxide 
63, and the isolation insulator layer 62 of 
the thickness (depth of a trench) of the 
part where 6.6xl017cm-3, the polish 
recon film with which, as for the 
thickness of gate oxide 63, 6nm and the 
gate electrode 64 contain the phosphorus 
of the concentration of 7.0xl019cm-3, and 
the isolation insulator layer 62 were 
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embedded ] TEOS film (specific inductive 
capacity^ 3.9). 

[0176] Drawin g 21 shows that the 
fluctuation to the amount delta of level 
differences of threshold voltage Vth is 
small in the field of 20 nm<=delta. This is 
considered to be because to come, it to be 
[ it is based on the effect of a corner 
transistor, ] and for the effect of a fall of 
an electrical potential difference Vth to 
be effectively avoided in this field. If the 
amount delta of level differences is 
transposed to the thickness tox of gate 
oxide 63, the above-mentioned inequality 
will serve as 3 tox<=delta. 
[0177] Moreover, drawing 21 shows that 
the fluctuation to the amount delta of 
level differences of threshold voltage Vth 
is still smaller in the range exceeding 
30nm. However, if the amount delta of 
level differences is too large, it may **** 
out of an exposure focus, or unnecessary 
gate polish recon may remain in the side 
attachment wall of opening of a 
component field, and short-circuit may be 
caused. From a viewpoint on such a 
process, the upper limit of the amount 
delta of level differences has desirable 
lOOnm, and is more desirable. [ of 50nm 
or less ] 

[0178] In addition, in the case of the 
structure of the amount delta<=0 of level 
differences, it is desirable that it is the 
amount of level differences of 
delta<=50nm or less so that it may 
mention later. 



[0179] Even if about lOnm of the 
amounts delta of level differences which 
change in connection with process 
dispersion by choosing the amount delta 
of level differences of 20-30nm differs in a 
sigma value according to this operation 
gestalt, it is possible to control dispersion 
in the effect Vth which it has on the 
threshold voltage Vth which is the 
property of a device, i.e., threshold 
voltage, to 50mV or less. 
[0180] Moreover, since the controllability 
of threshold voltage Vth is improvable, 
dispersion in off leakage current and the 
saturation current is improvable. 
[0181] Moreover, in order to realize this 
component, there is no need of adding a 
new process. The process parameter 
which should be controlled is the amount 
delta of level differences. It is the amount 
of CMP of the insulator layer used more 
for a detail at isolation etc. Therefore, the 
cost concerning a process can raise the 
yield in the conventional state, and can 
attain reductionization of a 
manufacturing cost. 

[0182] In addition, although this 
operation gestalt explained the case 
where the thickness of gate oxide was 
6nm, even when thinner than 6nm, 
dispersion in threshold voltage Vth can 
be made small by setting the amount 
delta of level differences as the range of 
3tox-50nm. What is necessary is only for 
sigma to shift the set point of the amount 
of level differences, and to set it to 
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sigma+3tox -sigma+50nm etc. about a 
case so that it may have big dispersion to 
which the standard deviation sigma of 
the amount delta of level differences 
becomes larger than lOnm, in order to 
compensate this. 

[0183] Since it does not depend on the 
isolation depth of flute for the inclination 
shown in drawing 21 , the value of the 
isolation depth of flute is arbitrary. 
[0184] To drawing 22 , it is the junction 
depth Xj. About a different MOS 
transistor, the result of having 
investigated the relation of those 
amounts delta of level differences and 
threshold voltage Vth is shown. The 
inclination shown in drawing 21 from 
drawing is the junction depth Xj. It turns 
out that it does not depend. Therefore, 
the junction depth Xj The value is 
arbitrary. 

[0185] To drawing 23 , it is the substrate 
concentration Nsub. About a different 
MOS transistor, the result of having 
investigated the relation of those 
amounts delta of level differences and 
threshold voltage Vth is shown. The 
inclination shown in drawing 21 from 
drawing is the substrate concentration 
Nsub. It turns out that it does not depend. 
When the value of substrate 
concentration differs from this operation 
gestalt, or when substrate concentration 
has distribution, dispersion in threshold 
voltage Vth can be made small by setting 
the amount delta of level differences as 



the range of 3tox -50nm. 
[0186] Furthermore, if the standard 
deviation of the amount delta of level 
differences is controlled from drawing 23 
about to delta/10 in the case of the 
delta<=0nm amount of level differences 
(i.e., even when the top-face location PSi 
is higher than top-face location Pins.), it 
is also possible to set dispersion in 
threshold voltage Vth to 50mV or less in 
the range of the delta<=10nm amount of 
level differences. 

[0187] In the structure, i.e., the structure 
where a gate electrode surround a 
component field, where the amount of 
level differences serve as negative, while 
the contribution to depletion-izing of the 
corner section of the gate which extBnded 
in the lengthwise direction by the 
increment in the amount of level 
differences be, it be observe as a rapid fall 
of threshold voltage Vth, but if the 
constant value decide by substrate 
concentration, oxide film thickness, etc. 
be exceed, it will not bring effect to the 
corner section only by turn on the 
transistor of a lengthwise direction. It 
turns out that dispersion in threshold 
voltage Vth becomes small about 
deflection. The reason is considered as 
follows. 

[0188] In addition, this invention is not 
limited to the above-mentioned operation 
gestalt. For example, although the case 
where dispersion in threshold voltage 
was controlled was explained with the 
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above-mentioned operation gestalt in 
order to attain high performance -ization 
of a transistor, the technique of the 
reduction in resistance stated with the 
control technique and the conventional 
technique of this dispersion may be 
combined suitably. This becomes possible 
to attain further high 

performanceization of a transistor. 
[0189] In addition, in the range which 
does not deviate from the summary of 
this invention, it deforms variously and 
can carry out. 
[0190] 

[Effect of the Invention] Since generating 
of the void and facet leading to dispersion 
in a component property can be 
prevented according to this invention as 
explained in full detail above, dispersion 
in a component property can be controlled 
effectively. 

[0191] Moreover, according to this 
invention, dispersion in a component 
property can be effectively controlled now 
by making into a predetermined value 
the difference of the top -face location of 
an isolation insulator layer, and the 
top -face location of a semi-conductor 
layer (semi-conductor layer of a 
component field) in which the MOS mold 
component was formed. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing ll The process sectional view 
showing the formation approach of the 
component isolation construction 
concerning the 1st operation gestalt of 
this invention 

[Drawing 2] The process sectional view 
showing the formation approach of the 
allotropy child isolation construction 
following drawing 1 

[Drawin g 31 The process sectional view 
showing the formation approach of the 
component isolation construction 
concerning the 2nd operation gestalt of 
this invention 

[Drawin g 4l The process sectional view 
showing the formation approach of the 
component isolation construction 
concerning the 3rd operation gestalt of 
this invention 

[Drawing 5l The process sectional view 
showing the formation approach of the 
allotropy child isolation construction 
following drawing 4 

[Drawing 61 The process sectional view 
showing the manufacture approach of the 
MOS transistor concerning the 4th 
operation gestalt of this invention 
[Drawin g 71 The process sectional view 
showing the manufacture approach of 
this MOS transistor following drawing Q 
[Drawing 8l The process sectional view 
showing the manufacture approach of 
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this MOS transistor following drawing 7 
[Drawing 9l The process sectional view 
showing the manufacture approach of 
this MOS transistor following drawing 8 
drawing 101 Drawing showing the gate 
length dependency of the threshold 
electrical potential difference Vth of the 
MOS transistor formed by the approach 
and the conventional approach of this 
invention 

[Drawing 111 The process sectional view 
showing the formation approach of the 
component isolation construction 
concerning the 5th operation gestalt of 
this invention 

[Drawing 12l The process sectional view 
showing the formation approach of the 
allotropy child isolation construction 
following drawing 11 
[Drawin g 131 The process sectional view 
showing the formation approach of the 
component isolation construction 
concerning the 6th operation gestalt of 
this invention 

[Drawing 14l The process sectional view 
showing the formation approach of the 
component isolation construction 
concerning the 7th operation gestalt of 
this invention 

[Drawing 15l The process sectional view 
showing the manufacture approach of the 
semiconductor device concerning the 8th 
operation gestalt of this invention 
[Drawing 161 The process sectional view 
showing the formation approach of the 
component isolation construction 



concerning the 9th operation gestalt of 
this invention 

[Drawing 17l The process sectional view 
showing the formation approach of the 
allotropy child isolation construction 
following drawing 16 
[Drawing 181 The process sectional view 
showing the formation approach of the 
component isolation construction 
concerning the 10th operation gestalt of 
invention 

[Drawing 191 The sectional view for 
explaining the MOS transistor 
concerning the 11th operation gestalt of 
this invention 

[Drawing 20l The sectional view showing 
the MOS transistor which improved the 
MOS transistor of drawing 19 
[Drawing 2l1 Drawing showing the result 
of having analyzed the relation between 
the amount delta of level differences, and 
threshold voltage Vth by the 
three-dimensions device simulator 
[Drawing 221 Junction depth Xj Drawing 
showing the result of having investigated 
the relation of those amounts delta of 
level differences and threshold voltage 
Vth, about a different MOS transistor 
[Drawing 23l Substrate concentration 
Nsub Drawing showing the result of 
having investigated the relation of those 
amounts delta of level differences and 
threshold voltage Vth, about a different 
MOS transistor 

[Drawing 24l The sectional view for 
explaining the trouble of the isolation 



32 



JP2001-015591 



approach by the conventional STI 
[Drawing 25] The sectional view for 
explaining the trouble of the isolation 
approach by other conventional STI 
mrawing 261 Drawing 24 , the sectional 
view showing DIVOTTO produced by the 
conventional isolation approach of 
drawing 25 

rPrawin g 27l The property Fig. showing 
the gate voltage dependency of the drain 
current for explaining the trouble 
produced by DIVOTTO 
drawing 28l The sectional view for 
explaining the trouble of the isolation 
approach by other conventional STI 
rDrawing 29] The sectional view for 
explaining the trouble of the isolation 
approach by other conventional STI 
[Description of Notations] 

1 Silicon substrate 

2 Thermal oxidation film 

3 - Epitaxial layer 

4 ■- Silicon film 

11 Silicon substrate 

12 - Single crystal insulator layer 

13 Oxide film (isolation insulator layer) 

14 - Epitaxial layer 

21 • Silicon substrate 

22 -- Thermal oxidation film 

23 ■■ Epitaxial layer 

24 ■- Silicon film 

25 Thermal oxidation film 

26 -- Dummy gate film 

27 - Source drain field (extension field) 

28 - Gate side-attachment-wall insulator 
layer 



29 Source drain field 

30 -- Interlayer insulation film 

31 - Opening 

32 - Ion 

33 " Channel impurity doping layer 

34 - Gate dielectric film 
35-TiNfilm 

36 Gate electrode 

41 * Silicon substrate 

42 -- Thermal oxidation film 

43 ■■ Silicon nitride 

44 - Opening 

45 - Epitaxial layer 

46 -- Oxidizing zone 

47 - Opening 
48- Si02 Film 

49 50 ■- Silicon nitride 

61 Silicon layer 

62 - Silicon oxide (isolation insulator 
layer) 

63 ■- Gate oxide 

64 -- Gate electrode 
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[#fFf*#©SSHl 

[W#1 1 1 ¥**£«-t fctoWi &Bf&1- %TMk „ 
r. (Di ffl $ ixfc»#*J**Kfcffl ^fcn y£ * * v- >H* 

Htil5MPSi5^tOHtilB^^S5-^-t-SXSi: Sr^-TS 

tlf*^3] tfffS^PgBrtWHtflE^^W-hffi^MIE 
M P U<DM P ffi J; 9 t>{&< t5lS5r $ "b t-^-T 3 ^ t 

y^>-yirZ>A\ 4fc(ituiEP^Pg|5rt(Otf)|E#^ew 

tiaot, BuiaMPg|5rt(OHf)IE^fr®W±ffi=lrStJlS 
M P 33©W1 P ffi J: 9 t> ®< n £#m k "T^ if #1 

PDa3©MPffi<fc9<bl£<-fSXS©m; 

[!t*JS6] MfSMPgl5^w*MlE^»#S^b#^« 
ftWIt* tt«S«#)ffl® J: o X ^*-f 2> - t *m'<®. t 
1 , 2 */tf±fS#5 3 JcfE^^tt 

8 1 ffimmmiz. -^a >-iMkK t . r. © v 
y 3 v«±fc^ £ Hfc v- y = >m.4t$& t <ommmxh 
9 \ *»oiitriEM R§Bwffi!ist--> y 3 ^mtm^mtfL ufc 



-g|5&&tti$-e:5X@i:, 

^(o&m&titc&ft Km v if* =*• ^ 
[it*® i o ] mmJF-iz'&jfxnffln.n. 

if 9 o^-ftt^ l *K:ffi*©iNWMfil»©Mii:*' 

9, 

OSSi^y- M6«K©K»<0 3ffiF6t±*v^r. t *r 
Mi, 

~<D^#m\z.Bf&£ixtcMOsmm i ¥-b$:MrffiVXte 
[000 1] 

[0002] 

\^ttm&M$m'& (ls i) ^$ntv^ 0 r.© 

fcft, «H»^fls©ttlBf4, LS I *^©tt«gi^:#<^ 
T J5f 5 ^•v^T^/>?)< > L S I ^©•ttt6(S]±(4s Mffi&&M#> 
ZZ.k. 0*9. ^T-O^-ftl- i 9 5IS.-C# So 
[00 0 3] Si^MHfctt. ix.tfMO s h7 ^v 5 ^ 

[0 0 0 4] a^V— ^ • KW-Y>-i£»SS:?FM-rS* 
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-O'teffc* 3. 

[0 0 0 5] L^L. r.coi 5tc(gJ!lB^^-^aEAfe-e 

0 0 Q/DJW±iV>5i§l/M»Kfc5fc«>^ 
[0 00 6] -ert, Pv?7^LSI©i5 (Ci^}gt4Sr 

[0 0 0 7] "r^T^tf— h©MOS 1-7^^ (Iw) 
S h7^X^T?fcot, nft^MOS h^^v 5 ^. 

[ooosi^waiii y— * • KwyffiStiSr^ 
[0009] ^tiicMLT, ^yiM ny- 

vftAiai^^t, v- y ^ y^^a-y y 

K^T*-^^.^ Six^Wf, gfetihi/V 3y)g|cgffS©f 

[ooio] ifc^ox, y— ^ • ^w&mnw- 

5F««SrK-.7 p -i-«^K*s*>5. -*-*it>t», y-* • K 

[ooi i ] a#:«jter±s f - y 1M Kftflfotfrfr i 9 
t>, 7* h y y^57^ xe#2iek -etyftAis* 5 
20, h^*xe*s2ia-5r^ix*i}jni-5o 

[0 0 12] — DRAMf©^ LS I ©i 5 »C1 
(iltJVTH. SAC (Self-Aligned Contact) 

[ooi3] sAC*36«rJBriW-5iSfc:tt\ -*©v 
• KKyffiti (ii#«y-^i lt^v^Jxs 
#) ±©JiM|fe|MiSrR I ESCtxyfy^U XIB 



[0 0 14] ;©t#> ay?^ h*— /WC^-er-ftv 

[0015] rcip^vy^yiWfcst, y- 

io VvC, y-h«ttfc*ttfc#^3;M£<*5. Lfc# 

ot, y*yLsuc(i x u i?*/? l s i x-m\>^b*ix 
[0016] tr^-c, y^y ls i x*»±, tfcjtsa^ 

[0 0 17} Sfefc<Sffitt©y->«tt#<B*fc»frfc 

y-f«is*sfflv^*T/5o ^y y y^y- # 
[0018] L*>L*3&se>, *9*>¥—YWmz-\s. 

SIT (OX o t$WiW£$>Z) a n'Syt LS I-ett_h5&Lfc 

Ky- h«s©»# t °yyHs 1 "C/K y y 

y/i~7*- hWffiSrfflv^Si:, #y y 9>\<>f— h^M<o£ 

ttft->y a^wc^ifttosr-f sj-vaAi-sxei, y- 
mm^A ^-yjiA-rsxmsr^ix-e^sij* wxm-cfT* 

[00 19] tC5t, py?^ I CirDRAMSr^ 
^tfcLSItfcV^^ DRAM©y-^- KKVffi 
ii©at->yf^ K«Sr»j*"f-* i: , y^ey-tr/vco 

S<*5. ifc, DRAMT*li> XxELfcJ; 5t-S AC 

40 H5» 

[0 0 2 0] — ay^IC -Ctiu (S'SffiT-t?^ 5 

f£»t#< <om«ESr«t-f-fcfe(^ mos b^y-y^ywu 
t^Mos h?y-y^*©y- MSro^feftv-y = 

y^iCJiP^A s iifOnl^M K-7*LTn- S 
i: L, pf^^VMOS h7yv J ^.y»-^ttiCf±BF2 

[0021] h^yi^^oiSttt&fkte, y— ^ • Ku- 

4 V • y- h4r««^bi-*^»tTftt:T+^-e*> 9 > h 
so 9 y^^oWttfbo* Sr/h* < i"5 n i: fc^f-S 
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[0022] y-h©*ni^i£ 
MOS h7>-^;*^©L#vMiMlffi£:$!lS"t~3i^ ffi^ 

HI, : 5 X 1 Ol'cmA ^- bgtffclR 

ff : 4. 0 nm, ^— h<g (w) : l Ofim, V—X • 
KW yfeilO^ttfefiS : 5 X 1 0 17 c m-3, y- 
* . KW^UiO^S (xj ) :0. 15 Mm 

0. 2/im«T(ci:5i, b#vHe«ffi*A*l-(ST"f- 
[0 0 2 3] f-^^/KOa V^^^ i^fi-^— hS* s M 

iMJi?iftv>fc* > ls i @g&-ef*«t-t)y— HS©MV>M 

OS b7^i?X*&mmVtl\t\ tZ.?>j)K ^~h*# 
10-15 nm^kLfc^tfCUiHWE^S OmV 
SA_k^ft;-t-5fc», roJ:5 4y-h*®fflV N MOSh 

®MliIK©JKJ¥©fi 5>o# x y— ;* • KW vfelftS©^ 20 
*&&«£#*&© tf b o # * if ©f£Wl- «t o T , L # v Htt 
«BE©lie>o#^iEr.9*<*5.. CltUiLS I ©3*@ 

[0 0 2 4] JPXT|-jfeOffe>o#©*fcL*VHII[«ff© 
fcf b o £ in * t < #-f 5 © f^^-tg^Se^B 33 tf i> 

0 . 3 m mfemMT<Dm%km\Bi®x*\i, v- y = ySSt 

0. 2 — 0. 3^mOS^tF^f (^#«ti») 

fify^clftWIlP (CMP : Chemical Mechanical Polishin 
g) f^t5^ t-e*^4HiS:tf 5 ST I (Sha 

llow Trench Isolation) A*— J&Mffl^fcft-C^S,, 
[00 2 5]t£5fe, TEOS/tyyI©CVD-Si 
0 2 ^tC«t5S^* s tT^-C#*5t) , 024 (a) 

^(iSf) <DTXs<? hJt*Sl~l. 5@|?cD^a-tC - 
*V K«r«<ii:fc<flMU«9 2 h u-^Sr*!* 

[0 0 2 6] L^U *^tS»#V^^yf07 « 

n* < ■MkK'caiftiitf £ t #WKz.t£ r> > in 2 4 

"(b) KjjM-«fc5^ lMld«9 2©«f>*SBfcaW K 

[0 0 2 7] *M K 9 3 t . ^OMHDlC^^ 

<t"f-5. SbK, WK9 3®-et^fc«I^^ 
tcfitf tjOt^&SOt, tf'-l' K9 3{4^#-t4wH:b 

[0 0 2 8] ^H^fttSfcW^ HDP^7X-7T so 
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X^<? Mt*S2 — 2. 5^-@x.5i:. ^b^waii^* 5 
rcf^ttH2 4 (b) t^L/cfc 5 

[0 0 2 9] T^TOPU itaUfcBMtJWS: 

x y fy/LW5^«9 2©sKMfi5t, IMbSt 
9 2co^^-^»iJ;< *5* s , 02 51-^i-J: 51-, b 
^^jiE»©»|g*ifilc*Sft>:R&9-4is^C, iH^H4 
8fl*»9 4©S«CI4tf6o# 

[0 0 3 0] H2 4*5j:tJ«ia2 

asjivfcft, ls I (DSiatxS{c$)5«miHl©#7y®f 
i/?timx\ V u^±U<o^- v 2 6 [d^-TJ; 9 

[0 0 3 1] f-f^*yH95ty-Hi 

y h9 5WgH$^*if±. — iH&#tt;& s *>3fc»> 

#<tibo# 1 r*T,J±#*©MOS h^y^^iDL^ 
vm«flE©ri&o#Srffl<imHi:!te«. £bUi, 3—7- 
f-7^^i 5 #4t5i, 0 2 7H:*ti5C''^ 

tt©ti bo# £ $ b < -f-5 8 
[0 0 3 2] r©i5*ia)BS:»ft-*-5fc»»w» 0 2 8 

^tcMz^ 1212 8{^i"J;5i-x 

hUV^±SB^*3V>T^kffil9 2, 9 6(D&mm^ 
[0 0 3 3] 0 2 9lc^i-i5(-v v-y 3 >1S 

3Ky^V^tc«t-)TmHfcS«*ffi (Si) Sr**«Ui 
fflv^fc^t' > ^ : ¥v'-^/v^*^J;oT, P^-ffl^t-v-y =■ 

r©*jfeT-tt, 77tS/h98 (^*©^ffi) *S 

7rt? N9 8©«»l!:y-Hii«*ir v a 
0 2 6fC^bfc.T f ^ y* v V 9 5©fe5ffiEi§©^ 

[0 0 3 4] 
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[0 0 3 5] #38^f±, ±|E*1t^%lSbT^$nfct> 

«j»jt*#5, st i ^£z>m*ftM&~*imttez>*mw- 

[0 0 3 6] 

[0 0 3 7] (sf*«2) 

[0 0 3 8] (lf*3S9) (C^5teC0¥^ 

MIEl&itJgl^MP^»£U i!ufE¥##g« 

P g&rt MitufBM P SBOPjS P ffilcig L&v £ 

[0 0 3 9] *38?J! 

osii^oy- h&mmommo 3fe£i±m\,->h<vx* 

[0 0 4 0] £fc, #3§U? 2) 



(5) 

8 

[0041] mxm i . 2)1^2,^ 

T^##:gJCj:oT^Pa5^**bTV^(0-C% 
#tf>JKHi&5*V K<D|g££ Kit $6>{C±IB 
^#:SSr^P^^^«±^»±^fc*i"i 5 IC^L- ' 

ST I tciSf^^gt^Blt&So 

[oo4 2] sfc. (»*3S9) \z&z*mtim 

#:g(CJ:oT58PlE155r^E«LTV>5»T% «bo#(DiS 
^Stt^»±ffi^||p$i5<DMPffiJ;l9 t>te<£3J: 5(- 

20 o-C, ^#ttcDff^>o#Sr«l$iJT*#5, ST I 

[004 3] *fc, *3§BJ}c#3¥Wfrjgfi<0#K , * 

[0044]' 

[0045] (jg i <Dmmwm) m i ^tfia 2 * 
Tjorjinwimmx&z, 

[0 0 4 6] @1 (a) ^^CD 

it) 7s/^*-fk;T^^tw^ 
-T5^i/^^^3*S^iiV^^'(t;^2^#fe^5 <) i<9 
40 ^s^v^JggcDig^gMtJ^fi, 1 0«,£E«±(DiaiE 

[0 0 4 71 l (b) {c^i-J: 7* h y V 

y^yjioXTfmjj&^-y'f-^'y&m^x. m+j&i&m 

^2{cMP$B^WP-f?>o 
[0 0 4 8] err*, y* hi/v 5 ^ hco^icttMxfi 

K r FSfcliA r Fx^rVv U-f-Srffl^, 
- y ^^O'lc:(±0'JxfiS^'t4'l'^-^5/^>'^ (R I E : 
Reactive Ion Etching) ^rffll^^o 

so [004 9] i^icM a&&m<nmfo : tiWi<Dl%m j $>y 
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[o o 5 o] m^mi (c) ic^-r<t5i-. ^mb/cs 

Jl3ttJRHMfcffll2J:9t>IP<, d»oJRIMb«2±fc«:*. 

[o o 5 i ] mt o ^drv--v/wS3(i, v-p^yf, v-y 

1 0~9 0%»«S«it-i}|LyS:^M) , 
[0 0 5 2] v'Pnycy-^^iLtli^o/Vv' 
jE#l 0"9To r r«T©#tt§S11«rffl<' % 3»£ , fcf*» 

[0 0 5 3] y/w=!>Aoy-^^tutii ^/V 

(GeH 4 ) 4fct4H*^y/WV (GeF 4 ) £ 

[00 54] il^«^H(CtT9 fcfttHC 1 SrflfcbP 
LTt>&t\ 3Ltf^d^>-v/W^Sig.Sf±7 0 0T.frh 1 

i o o'cs-c'^HrtT-, ttffl-t-5^©a«^*tan" 

[00 5 5] m^m2 (d) ic^-fj: 5tw, CMPtfc 

ttWtftftifl^ (MP : Mechanical Polishing) tij;!?, 

[0 0 5 6] 2 (e) 

iga^ofc^fc'^v'-r/l-'Jf 3(£>*ffi£ 1 0-5 Onm 
ma^ns/^v^L-C; 1112 (d) ©18-ex^^f-yt 

^t°^driy^/VS3©*ffi(±^^2CD*®J; 

[0 0 5 7] ±%L=-v^s>f\£, x.V#*i'*A>m31i t 
,-yy 3>-gt5«to5vy ny^w^^ici^, 0y*. 

5. 

[0058] ^fc, ?jv-?=L<?;j>-m<Di§&K\±, rnm^ 

[0 0 5 9] Smt-, **Sr-&tf#B»'f-C©»*! ! Ja»:: 



(6) 

iot, 3it"^df->^/vS3©*ffiSrilT-®^^VT*3f 
mit-t^b 1 1 h fc> ffc&'fUK 2ix f * * V^r/vg 3 t 
©#E<£>S^SriKfnU MWS?r5xio 10 cm 

^^rv-^/ug3^BfS©*#^T-, mtfMOS h7 

[00.60] ^±a-^fcJ: 5ic*HJ6^ffi(cJ;H«, ^ 
f *=*^-^g3K«fcoTB8PgB£**LTV>3WT?, 

10 3: sum 3 P W^ofllWfcJt 2 ±lcfi^* 

[006 1] fc*s, *HJfe?f^T'f4, ^t^^v^^S 
3 ©Sffia^SMfclg 2 o^ffi J; <o k-flc&W.-tZ XoK 

h%\,^im#&mCft£x*h'oXh&i<\ S(4. 

JliZltttci- X 0 fcjWRjfcft jfeJMjfcai * 

[oo62] (jg 2 (omm&m) m 3 t± s 2 

111 1 ioXZfim 2 t p|-W*SrW U »!»JSc1ftMt±*»"t" 
30 [0 0 6 3] £i\ Ell (a) —01 (c) fcSLfcX 
[0 0 6 4] ftKH3 (a) K*-TJ:5fc, SffiSrTffl 

[00 6 5]*fcH3 (b) -K*rJ:5K, I^K>ftJK2 
(DBBngS^gBtOv-y ^ >-JK4^i:^fc 0 ^^rV-y/vs 
3S:CMPffcttMPK:«toT»*U ^ffi^^i&^-T 

«oi8tt, ^Kommmmcomz (e) ^ism^ 

[0 0 6 6] (l3(OHl»l) E)4fcJ:0 ? [a5^, * 

s o I LfcMT*4>5 0 
50 [0 0 6 7] Si", 0 4 (a). KiaWJ: HM£ft<D 
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->P3ySSllil:, Ce02, YSZ (Yttrium St 
abilized Zirconia) . CaF2 Sfcll^t^V 

&&mm 1 2±.Km^mmmt Lxomitmi 3 

[0 0 6 81 BMfcJBIl 3 (±9 0 O'CjyiWgMt'tt^fflfg. 
9 0 O c CW±cDji^SrtT5^tirJ;oT^i-5o 

[0 0 6 9] Wc04 (b) tc^'-TJ: 5i-> 7thyy 

mz.*tr& Ltcm®<?>fflkm 1 3 $aftftt£&£ u iMt 

MxiliK r Ft fcllA r Fi^f->vl^-f-S:iV\ M 

[00 70] &lc¥ttA£t*K 1 2 (D*ffiCD^*^>7 y 
<b * 3 ^¥feJl SrBMfc U Lfc 7 ?/ ft 

[00 7 1] &K04 (c) (C^-T £ 5 Id, MffiLfclp. 

1 4 ilKfUR 1 3 J; <9 t>J¥< , *»o|Mbfflt 1 3 ±fc»±* 
[0 0 7 2] it^^->t/Hil4li > ^ilayl. -> 

Tl 0-9 0%©»£«H-CB*lJfc'&£«) > Sfctt 
[0 0 7 3] v/!)3y©y-^i:UTl4^P^ 

JE*5i 0"9To r r«T©/*Jg£e£/B^54§^KWU 

[0074] y/w=^A©y-^^titit y/v 

■7V (GeH 4 ) -Mtaim^it^/^^ (GeF 4 ) Sr 

[0 0 7 5] S«jfcft«:flfc0SK:fT5 fcfcfcHC 1 SrSftbP 
UTfcftl/\, ^fc°^V^H&K?&gfi7 0 O'C^b 1 

[0 0 7 6]'&{C0 5 (d) (d^i-J; 5 CMPtfe 
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[0 0 7 7] #^0 5 (e) Ic^-f-j; 5 fc, Si^f&ffi 
^i^ofc^f^^rv'A'/US 1 4<DmW* 1 0~5 0 n 
mtSij/f^U, 05 (d) ©iSTxt^Jfv' 

[0 0 7 8] -tlE^s/^Vi/fi, xWm^I14 
av-JUoiU^y ay^i^^g©^. M 

[0 0 7 9] y/U-v^AcD^lcH, fiHBttc l 

So 

[0 0 8 0] ftfflfC, *#*-&tf#Hl5 , t I T?0»«yffit 

20 spffl.<ki-a 1 1 t>ic &teigi 3 txw^i/^i i 

4t©#ffi©^Sr®fDU, #Boi«&£S£5 X 1 0 10 
c m-2g^£JLT L X > *^^Ht«5t^^-f- $ „ 

[00 8 1] &:fb\ 04 (c) <DTMX\ x-t°#*~S\ 

2 (Dmmmmt mm^. ±mz v y = ^m^^m u-c 
30 [0082] #3Hfo&*-c 1 , Israels i (Dmm^m 

\Zt£Z> 0 

[0 0 8 3] (f4©H»H) III 6-0 9 tt*3S!H© 
40 [0 0 8 4] *"f, 0 6 (a) K/tWJ: 5 *^ftcO 

•>pnyss2 i ±iznmMz£vmz 2 0 o~3 0 0 

O, N 2 O, NH 3 *fcf±^7v 5 */l"fei?Srfflt^'C, 
m&fcl&2 2(D^frb'pt£< ttl0~20 nmiS 

[008 5] i^(C|Sl0 ( a ) iCTfiir t. 51-, Si ©Hi£ 

2 2 zmfflbtefoi; v. mzmmtm 2 2x<ohm<. 

50 d»o!RlMkffl!2 2±fctt*«-*"J; 5 ^f^v^/v/I 
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[0 0 8 6] iW*v't^l2 3lt is-D^^m. 

[0 0 8 7] &tc|g]6 (b) 5 fc, !MfeftJR2 

2(O^Dgi5CD^1-gC<Dv/y =»>-J||2 4*3itfxt^^v/t 
;vl2 3J:CMP^ife(4MPiaot^U *ffi£r¥ 

[0 0 8 8] Z.<D'&^ 3it°^dfi/^/wg2 3CC*S<0^ 
ffittSr^-rSfiftlc, 8 0 0°C£Lk£>t&g, £f4L-< 

roDip^MlCJ:^^ S i ^d5^ffiT'^») tt 

[0 0 8 9] KK^m^tc^m^m^^t. 0. 15 Mm 
^T^^SItS-C^^*^^ tr* -r/wJi 2 
3) t^^ffl^c (1S«2 2) Sr^-Ct 3 m 
*2f*feT?f4 0 . 1 8 (i m©S^PS#) 0 

[0 0 9 0] rcDttli. MOS K7Vv ? ^^(DS»Sl© 
*1\ HI 6 (c) fc*rf-J:5fc» ^f^v^ 
/Vg 2 3 _h^|?$ 3 ~ 1 0 n mW^mitm 2 5» 

[00 9 11 W;l7 (d) ictjH-J: #S^kJK2 

7^77^V!I =y|gi:OfII (S i N/a - S i 
tT-y?-y- M&2 6Sr'»j«-t-5. 

[0092] ::-e, ^5— hJK2 6<o±s«oJK»4 
•>ya va-fURKiiR^sHs t©xii* < , tig cm 
7 (f) ) »iw«ii3 o©ifgia5¥fflftisic 

[0 0 9 3] Sfc, ^5-y-FBt2 6©T*©ffltttT 
^7r^->y =vJKtcPS^$^5t©-ef±*< > Kit 

[0094] ^fcinia (d) mkitm2 

KWyliOi^^fyv'ayW (LDD) 27£ 

[0 0 9 5] ±K^*fi«»©*««J*ettfl:f±, lOOt 
/s e cEA±©#»jS&;iS"rf&fcRTA (Rapid Therma 
1 Annealing) ^rffl^t, 800~1 000t> 3 0f> 



/4 

[0 0 9 6] 7 (e) fC*-t-J;5{-x ff£5~3 

0 n m!S©-> y = fSfldBISfcttv' y =■ VfSftiWkBt 

DMfttrtS. &x@roy?-y- M8I2 6©l^*xmSf 

iC, ^- 2 8 i: y ? -y- hi 2 6 i: WPbI 

(iff $ 1 0nm&lT<oM«^4L,tv^5riA5St 

[0097] m^rnm ( e ) tc^i- x 5 -< 

W ^«1*e>flgi#M9Mc 2 9 «rJBj*i-3. ±IE^*fi^)CDtt 

ftn^ett'ika 1 0 ot/s e c-et±©#jaje**s^r« 

iRTA^ffl^t, 8 0 0 — 9 0 0<C, 3 OfW^Trogi 

[009 8] igtt-fkUfc^*Mfc©fll'««rSS«)5fc«>t» 

^;/Sfcf4^ir/7^:/£ffl^T, . 1 0 0 0^«_h, 1 
©>£ATOl^«iaiSrtT*oTt>fi:V\ 0 7 (d) OXfMK 

[0 0 9 9] ro^, ID El (e) ic^-TJ; 5 f-, ^5 — 
y- KJK2 6 £.9 t>ffV^MI6«JBi3 OSrCVDifeHJ: 
•?^Stc±t^-r5„ ::t*it «ra*6i^M3 o b tt, 

5t>W»5SKSr+^iS<-C# ; 5's i 0 2 BiSrJfli^S. 
[oioo] W:S7 (f) fc;5H\fc 5 fc» 
Ym2 eoMMffltSit?, /§|S3*6li:J8l3 0&CM 

p k x <o mm u-c*ffiSr¥ffifci-5 0 

[o i o i ] m^ms (g) fc^*-J:$K:* tfttrtt^j, 
^ b - y ^ ^ ^ y+>f\iZ. 

±0^$— hR2 6«rBfc*Ufc«, »ftJ8l2 5£ 

[0 1 0 2] &tc:|2|8 (h) Jc^i-J; PPfB5 1 
©H£ffi(CB, Ga, In, P, AstfcliSbO'fty 
3 2SrftALT. K-fX^Ji 3 3 

[0103] ro-f tyaAttttltfT «s#4 L 

- 1 0 O'CWTtc^SJ; 5t-v-y a>-g«2 l ^ri^iPL 
^^^-C^-V-aASr^T^^o 

[0104] ziDXvte&mx'jTt-^SiA&fto t. m 

*ffiic^ttilf fciiito^ 5° 6lrtT-fe5rtiis 

[0105] ±^$&&o>femt<otc$><om&mii, - 

S^a^Sr*^(-?l< Sfe(lN(>L<l±A r 
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«:M*6i-5^t*sa*U\ IH 8 (i) KjRM&S&oBr 
[0 10 6] ifiiMbTk**. *^^*Sr-^tP* 

[0 10 7] *fc|H4 ( j ) K7jk-f£ 5K> 3 1 

O^ffi (iSEtJi^fflDffi) Sr£5 «t 51-, T a 2 0 5 , »o 
Ti02 > BSTO*fciJ±C e O2 tai£S i O2 £9i> 
tfcfim*©iS V *|ft**ma» £> * 5 , £ 1 ~ 2 0 n m@ 

[0 10 8] y- MMHK3 4(D^ffd52 0 nmSrli 
5i» HP«3 lrtC£»«y-FieiWl3 40»fr* 

[010 9] y— hlfef*0E3 4*CVDft-fl»*t5» 

^w^, a s-*/"'*-*-!'--*' m^©^ffi 

d\ t>L<»4s i -om&mijefiiirz>£&i>\ ^® 

CVDj£-CTa 2 O5 > T i O2 , BSTOtfctt 

c e o 2 & i?<DMffim&&imvofr htt?- m&w*3 

4SrMt5. Jf§2~3nmSS»SiO x N 

[0110] Sfc, lnm£lT©SiO x N y l±t± 30 
fETa 2 O5 . Ti0 2 fc^©«R«*»«M!*:J&ftU 

[0111] fttisiH ( j ) f-^-fJ; 5 t-s y- F©tt 

tfjp:£ 1 0 nmEATWT i Nl3 5£y— M&§U&3-4 
[0 112] T i NJBI3 5 OlS(ft*£g;& 5 3 0 

ftifOiWMfefffcKjer*. *mt»«-cB:, 30 or 

EtT©lSt*T i kN<Ditm& 1 : 1 <t 0 t>Na*i©S(lt£ 40 

A r bU<Dfr!£tt*mffll>XT i Nlgl^r* 
/•?s/*jfcK.fc9JI2j£U :©T i NJRK3 0%£lTWg? 
*Sra^Hi-5r tiaoTT i NI3 5Sr^-f5o 

[0113] jjaw-ra'ifc*®***: 1 i o%K-r 

Z>Z.t\z£V^ T i N)R3 5 £r 1 0 nrn^T 
[0 114] Sfcti^tTiNitB (#o>-) ^ 

c srsamu-c, m&mm^mmmcoT i n so 



/5 

■tfcO Vh* ifl^rtrc* 9 » 10-3 0%CD 

B^coHni: «fc K) T^fry 7 *l-1--5 r t #-C£ 5„ 
[0 115] B-^CCO^Antt, T i NSr^/^s/^-f-S^ 
lc:B-^CSr£tMfc-&#J#*, 09*ri#n;otc3(Hk*M;fc 
l±# v**-ft*J» B c ftfl:4fe fcffl ^3 

*\ ■K'<y9 9 — f fy ht LXBt-tzteCZ^tsT i * 

d\ B*fcttCSr^tfT i N*— 5/ hSrA r XX'<V 
■?-tZ>Z.b\Z.Z«)-sjmx3bZ>o T i NiCO, B, Cftif 
<D^*e#jS:8s2)nU T i N^jfi/fc&SOW-fS 

0 , tt*S3#:5r 4 . 5 e VEtTfcKJt"*-* £ t & "tmx 

[0 1 16] ifc, T i C 1 4 tNH 3 Srffll^fcCVD 
j££rffl^T6 0 O'CJ^T^M^T'T i tN<Ditm&l :. 

1 i<9 tN*Sja3BHC<C5J: SfcJfcffltUCfcfiVV 600 

[0 117]tfc, ^<y^ft-e»l*UfcTiN«tRI 

m\^3 o%uT<Dmm*mttzxfe*m^x'®.ifcikik 
LTfcftVV, asa&n't-5»*©*«f±a*u<«:i~i 0 

SEATtC-t-ttff, tt&tKSSr 1 0 nmKTI«t5: 

[0 118] -^f;V75/f^y (Ti {N 

(CH3 ) 2 J 4 W^TS / f^V (Ti {N 
(CH3 ) 2 1 4 Sr**Sr-&tf»ffl«t , -C*l^«*fc»4 

[0119] y— h«ffiOJtfitrt*S 50/iQ • c mEl± 
LTt>SV\ rcO^tCfi, ^ff*5 5 0 nmEl±(OT i 

[0 12 0] T i N&LfWWBttttb LT(±, ^JxtfT 
a a-fb«» N b m.{dto, Z r WcMn. H f ^b*4 if CD 

S ^JR-S M^«Htl!^^«5 

[0 1 2 1 ] a* u< ^tibnmmtnfrbtez. 

<b», T i iMb4to. z r mtVo. H f iMb4fe. C e Mit 

[0 12 2] *#(C, 09 (k) lC^-r«t5(-, ^P^B 
3 6rtt^- ht«3 6Sri^^ttMOS h7> 
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-/XftftEffc-rZo y-MS3 6ClOO^*fti 
UTf4, *^y^fe^49A lM££ffi^J&U 
b— fci*>BBPSB3 lrtSrA l«|-C**b. BflPgfS3 1 
*©jfc*JfcA 1 y-b*6»K3 4*3it^T i N13 
5SrCMP*fc»±MPJcJ:9Bft*i-S*ft!6S*>5o 

LTli, cvDffifciOWJBWJWtettiMSv^. 

i N^3 5 5rCMP*fc(±MPfflt-J: 9 Bfc* 

[0123] y-* 4'W vwtffcffiffitfMbi-s&s? 

#ifc3l§£-fc:f4, E17 (d) (DXf££|2]7 (e) ©Ig 
t©P3fCl, CoS i 2 Jl*fcf4T i S i 2 nteW&M 

[0 12 4] y-7-KWyW6 2 9 0«S 

jjs i 0 0 n.m£ATW*^-ictt; y — * • KM^«2 

9±(-->y ayf, v-y ^v^/w^^^ssfcjiv-y 

y — * • K W « 2 9 i: x b'? ->t/v 2 3 i 

ffi (png^lF-ffi) ^b5nm&Ui3S^tt5i^t^W* 

[0125] **lt»t!BT?tt» ^v->yy- HOMO 

MOS h7v-v^*£rlg£3g1-SK:f4, 0 7 (d) Olg 
X-n-y- M&2 6<Dftib<0\C^ ii^cOnMt>L<tt 

p mvtf y y =» v-jg, v- y Ki£/&JBJBs<z>«e 

[0 1 2 6] 01 014, *«W©*jSfe*5J:t5f!§3tE©*jSfe 
- HMSflPttSr^i". *38Wo*jfe-C»j«UfcMOS h 

(DtfeS. 4fc» ifS^fflS i *ffif4iSH^SilfolfaR 
*Bii.9 1 5 nmT*Cfi$«t^5. 
Sti^LfcMOS h7>"v^*f4, 7rt?WtJ: 

[0 12 7] Wfrb. *«i©*fero^bfcMOS h 
^^^^cDLtV^tt^JEVth^fibotttS OmVjy. 

^ro©^tl(15 0~1 OOmVgtt^^VCtW 

[0 12 8] m^<r>%mm) 01 i*5«ttjim 2 



/5 

[0129] f=i\ 011 ( a ) (CtjH" 4 9 fc> l|M£i& 
®->!J 3 V««4 1 <D^ffii-ff$ 2 0 0 nmg*<E>®Mfc 

5 OnmgllOv'!) =^*fld»4 3 SrC VDfe^J: 9^ 
J5£-f?>c •>!J3ySS4 1(OfSII±pI 1 ffi*te(4 
(10 0) T?*>5„ 

[0 13 0] ritli^ mkf&4 2<Dmm-&2 0 0 nm 
io t Ud54 0 0nmt"bS<, ^©i^i:iiMx.tf 1 0 
0 0°CT'v-y 3>StS4 1 *>y 
WfcMA 3c73^l?5r5 0 nmi Lfcrt* 1 5 nrnT'tS 
<* *©#£fctt0!l*.tfS i C 1 2 H 2 tNH 3 Srffi^ 

fc« ffi c v d sfc-ej&jfc-t- 5 . 
[0131] jwciai i (b) ic^-r<t5ts y* bV 

ESrfflV^-Cv-y =« v^klg4 3, ®Kb 
|g£4 2£rAPXLT, ^^^{C^bfcffl^dv-y 
. 3^«-K4 lJC*t-SMP«B4 4S:»J«i-5. 
v-y 3yiW4 3(47;*- hu-v 5 * hfc-^^KUT^ 

^4 3 ^^CLtiS'fvm, 7th 
vi?;* KSr-r^^trbTv'y 3^^bJBS4 S&itfSMt: 
flg 4 2 £i y ^ tt t ^ \ 

[0 13 2] ^(C^f^df-v'-r/^ftOHfi^at UT, 
CF 4 t®E*©)|g-g-^f^SrfflV^fcCDE (Chemical Dry 

Etching) jfefc-CSK^ffit: 1 0 nmRi'iyfV^t 

30 *K*ffi©i«SiMkJIISr»*^5. CDEIi0 2 Sr/flv* 

[0133] #ct£l2 ii ( c ) l-^-r i 5 flffi bfc 
«R*iB«:J**R (v— K) {cffl^-C^f^^rv'-Y/VS 
4 5 8r»*Ufcft£*5. iW^WH4 5(4, MP 
*64 4£jte3iU v-y 3>-S<fbJ3i4 3±tci±^.f£i-J: 5 
iwS^ft$it-5o if^^-^^14 511, %\<n>% 

tt, M^ffS iH 4 tH 2 t©»^-^Srfflv^5, S 
io iH2 Cl 2 iH 2 fc5^li:ii?)l:HC 
1 $r^Anbfc#*£ffl^5o 

[0 13 4] 12 (d) titi^t, PPpB4 

4©*tt<0*Mfc:*tf**->*/l'JB4 55r, S i {cMt" 
5S i NOlS^- M5+^Iv4#OCMP!CJ:') 

[0135] ^icgl 12 ( e ) (^1- <fc 5 tc, ^SS'fbJ- 
4 9 15 0 nmeg©J?£<Dge<fkJl4 6 *^-T5 0 - 
C0t^. iftl 4 6 t x ^^^y t/Vl 4 5 i: ©#I© 
so teB(4, v-y =v^'fb^4 3<o*S<Ote@4: v t>*s4-t 



$#^2001-15591 (P2001-15591A) 



19 

7 5 nmi£l*T#fc*3. 

[0136] JfctC10 12(f) (C^-r<t o Wtftm 4 

8 4RIElC±!)»RfttBl*t'fcft, y = va-fkJH 

145 ©*ffi©(Mt»±*^#«fS«©SMfcffli4 2 (omm 
€4 6&R I E^T^bfcdS, BHFJbS^ttDHF 

[oi3 7] *5Ett»«BT?<>, mi<Dmmmmtmm 
[0138] use (D-mmm) suit #*?n©» 

t^fffiia-efeS. 01 lJsiU'Bli 2 £*J-jS-$-£gB 
^KttHl lfc'iOTl 2 iPH?»tttl/, 

8 5. 
[0139] if, W, 5 CO^jte^fl8<Ol2l 1 1 (a) ~0 

12 (d) ^UfcXgSr=fT5o 
[0140] IfeCi 13 ( a ) Kl^l" <fc 5 
tot5 0 nm*ia?C0J¥££>$HkS4 6 Sr^i"5, " 
ott, ^k^4 2 1 v- y => >-m&M4 3 t (£>#ffi(Dfe 

Sfit, tfti4 6 £ait 0 ^drV^/Wg4 5 £ OfF-ffiOfi: 
f int5J: J t2 5 nm^:ttT*lC^5o vya^fft 
|g|4 3©IRff£: 1 5 nm£ Lfc^fcltt, 0tJx.Ff 9 0 0 

[0 14 1] ftJWic. 013 (b) Jc^-TJ; 5 Id, IMk 
Jl46£rRIEle,£9 51^^}^^* LT jHT-#8f«it^ 

tr^r dr v--r /V® 4 5 ©&fii©(fc1I»±* 
I FfrMffl$<0>' y 3 yifel4 3 <D*ffitfX£B «fc •? t 2 
5 nmfcttT^l'&So 1 0 n mg©Sijt Lfc*-g-(i 

[0142] (^7 (ommnm) ai4tt, *mw<o$& 

»rB0TNfc5. ft*5, ®1 lfciVEll 2tMJSi-5gC 
#ta±Bll lfcitCiai 2 tPl— W#Sr#L-. g¥*B!iCtft 

[0143] *?\ % 5 <o%mm<om n ( a ) —0 

11 (b) lOTLfcfS (R I EK<fc!>dfctfc*V-^ 

[0144] iW-0 14 ( a ) l^l" 4. 5 l£> gfffi Lfc 
gt£*ffi£/&St£ (v— K) leffl^T, ->!/3yI« 
4 3±ICfi^$*V«t OK. xW*->^f455r 
iltRf&ft Lfc#oT\ HP*B54 4rt»Ctt7r-fe 

-^;w«4 5(D*ffiSr->y a^iMfclBU 2CD3tffi<fc9 V> 



50 

UfciJtffi < * £ J; 5 icSiRjfcftSrfT 5 . 
[0145] &tc:0 14 ( b ) \Z.7jk-i-£ oK. 1 0 T o 
r r®ScD^JEH 2 #H^+T*<0 1 0 0 O^C, 5#*tg 
©7=- /HcJ:t)3ilf^^V-Y-'ve4 5Sr«Sb$-Br, ^ 
t°^3-v'-irA'Ji4 5co*B$r s Fffl^-t"-5, 7 

ffifiv^y =*>mkf&4 2<D&ffi£V t>{&</«£5. 

[0 14 6] mi 4 (c) id^-t- «t ->y 

[0147] (£8 tolUfe^tt) 0 i 5 fi, *&W<nm 
E0-C*>5<, 01 1*5 40*01 2 tftfo-t : Z>$&& 

[0148] *1\ £ 5 Wjlte^ficDEI 11 (a) ~0 
1 2 (d) iT-CDXm§rff 5» 

[0149] W-0 15 ( a ) iC^i" J; 5 v- y 3 ^ 
&ffcfl£ 4 3 frfl!i#llfe«i9S> ^> I y it ^ U * 3 -A*» 
20 Qt$.EXc£%^v*f-^>f\c&'0 (pull bac 

k) rct°^^v--V/VS4 5cOJlffl<Ov/y aylftl 
4 3 5r^*L > »PgB4 7Sr^-T5o 
[0 15 0] Weil 5 (b) (vl^i-J: 51c, 3it 0 ^^r 
Vt/^14 5cD*ffid^ 1 5 0nmgS©^$SWffl 

I4.6i:xt^^-/t^i4 5 £W#ffiOteK(4, V!J 
3VHUI4 2O^ffiC0^BJ: , 9 t.*5i ; e7 5 nmfc«t 

[0 15 1] BMk«* s HP«54 7 5:jlo-Cg? 

30 ^4 2 £3il: <, ^drv'^/wS4 5 £W|?-ffi}ctei5:L, 

[0152] 015 ( c ) ic^-t-J: 5 mt 

14 6^R I EfciOaiRWKBfeiUfea, ->p^i 
-fbJK4 3Sr«l^cJ:5'7^s' h ^^-y^v^tcj: <9SiR 

©3it°^df-v'-v/Vg4 5 <7):Sffi<7>f4gfi3^#IStHt£<£> 
g?^4 2 (D*SW{4B<t H25n mfc^T^t-^ 

40 

[0 15 3] (»9©3afcJBt») Hi eja-fctfiai 7 

*jfe*r^xaWfffiH-C*>5. **s % - 01 1^001 
2 £>Et^i-5la5^t-{401 1*3 4^01 2£l^— 

[0 15 4] 016 (a) te^i-J; £5© 

Hlte^fiiPH*f;i. ->y3ySS4 1±C)|$2 00n 
m@S©^'(t:^4 2, 1 0 nmS^cOv-y 3>-^ffc 
flt4 3*W*»*"t"5. ^»-ISl0 (a) ^•f«fc5tw, 
so •>!J3yift)i4 3itf$5 0nmgS©S i02 I 
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4 8, f^50nmg|©->y^yHki49?rCVD 

ioi5 5] mmi 6 (b) 7* 

^4 3, s i o 2 14 s^j^v-y ^>-mtm4 
ilt, v-y a^a«4 i\zm-tz>ffln$i,4 4*Mf8.-r 

[0 15 6] ^i^^f^=3r^-V/^ft©Btl*aat LT, 

r i EKz<omfoiamz$iCtcy*-i?m*02 -r i 

[0 15 7] W:@16 (c) ic^-fJ: Sttltfc 

4 5 fcjitR/fcft^-tiSo xt^Jf->t^l4 5!i > MP 
SB4 4 £?E« U v-y =" l^fciU 9 ±fctt**:i-J: 5 

[0 1 5 8] 6 (d) DTti5fcx MP»4 

4<Dft-M<r>&.Mt£^$*^' J r^M4 5 S i tc*t"f 
1 N©Mi^- h*!+»Kiv^*ttOCMP t J: 9 

[ 0 1 5 9 ] #CfcH] 1 7 (e) ^-TJ;5f-, ^fc°*=¥ 
Vt/Vi4 5cD*ffi^fc 1 5 0nmgt©^$tT*©S 
*££i|fc^ffc LTgtffcB 4 6 Sr^"t"5 0 r.<Dt#, CM 

p ic i t> #ffc Lfc^ v^/v4 5 cD^g^+t^iHi^-r 
[0160] 17(f) tc^-TJ: 5 $l$f£ffl 

^fc^iy hai-y^^^lCj; t) v-y ayi«4 9^ 

®HtJf4 6*5*1/8 i02 §4 8 Sr^*-T5, 

[0 16 1] xt';?dE->^;vl4 3 SrWU^^ 

fl;U &ffcW4 2 t^t°^^;>-r/V-S4 5 £<D#c5£& 

=>>^(fcjg4 3C0^Jf:^ i 0 nm@SE£ffV 

So 

[0162] mi 7 ( g ).kia%rj:5»=, -tie 

W^fcT'ffMS^fcm^L&t^S i 0 2 ■>!' 3 >S 
«4 3^1>X7hxj'f>'^J:')^tt > m 

[oi63] io (ommteffi) m i 8 fi, *&w<v 

[oi64] % 5 ommffMnm 11 ( a ) ~0 
ii (b) ©isr<T7, 

[0 16 5] #Ci£|Hl 8 (a) fc*-*-J:5fc, CVDfe 
In* <9mZ 5 nmWv-y =* >'3HtH&&±mz.M]& Ufc 
ft, CHF 3 #*£fflV>fcR I EKiOiBvy ="Vg 
-fkiltraiy^y^ u HP»4 40lWll: , /!J3>'t 
ftS5 0 5:W5, 

[0 16 6] ftl:ib^^->t^ft©iMlJ: LT, 
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CF 4 tgt#<DS-^^5rfflV^cCDE)*(CTS«*ffi 
Sr 1 0 nrnJi^y^^^-TSrifcioX, R I Etc 

[0 16 7] ^(-Ell 8 (b) fcgrf £5fc, §flag|5 4 

©igH\ jg 5 ©iat»]»oH 1 1 (c) ©ii (^f 

^^•^/H4 5<OjiiR/fcft) ~@12 (d) WIS 

BI5 0^J**H-CV^5©-e, t?** fir /HI 4 5©1 

SB 5 (DUtfe^ffiCOHI 1 2 (e) OXgEA^tlRlfilT'fcS 
(018 (c) , Ull 8 (d) ) . 

[0 16 8] Z\<D£ 0\^X'&b*\iiM=f-ffi$.V>^# 
^>t/V4 h&ikm<OB&&4 nmCMOS h 

20 bixfco ^i/NBrtCiooiOMOSb?^ 
**3rffr*U z.*hh*WiSaVtcb *?£fty-^ 

*#4<fVfcfti:JB;b;ft5 0 

[oi6 9] mi i n%mfM) mi 9t±, 

gSl 1 <D^lfe^filC^5MO S V7yi?*9*WlM~?Z> 

cDWfffimx'fe?.c 

[onoi it, 6i tt^ffi^©^ y 3 (*ts 
so mm<D^m^mm<o^m^m) , 6 2 riX^&Kf&iMS 
(v- y = vBMtii) > 6 3 mmuk. 6 4 t±y— 
p S ittS« (^m^) ic»-rsv-y =yi6 1 

(Diffi&eSr-tix^n^L-XVSo V y =■ v« 6 1 f4 x 
«fijx.fi» 1~I10 ©Hife^1£0>^-f Jxd*©**"?** 

b*it>o-c*>5. s«f±a»©vy soil 

[0171] ^I^S^flB^ftSEilKCi^tt. ±ffifirB 
P ins .&**lcLfc±ffi4fc«Psi©*£ (SH») 8* s 
40 y- h ^kS 6 3 ©i* t ox (D 3 ^El± 5 0 n mgT 
(3 t ox ^8^5 0nm) \Z®fe&tlX^Z> £ t \Zh 

[0 17 2] 3 t ox ^ 6 ^5 0 nmld^L-fcSfitt, 

«EVth©a£»S:f6*± 9 t'h* < 5*»?>-e*>5. 

"Tig 1 4 -5 o • * -ft . m =f-T&jm®.<0 a — *5 »t 5 Ifc 

(corner) iC-^^5^» 5 i®fD * frZ* 
so [0 1 7 3] m2 0(4, mi 9WMOS F7^^Sr 
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^LfcMOS h 7 LTV . ^CDMOS 
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